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ROTHAMS TED CONFERENCES
II. THE CULTURE AND MANURING
OF FODDER CROPS
ROTHAMSTED CONFERENCES
THE booklets in this new series will contain
the papers and discussions at the conferences
held from time to time at Rothamsted on
present-day problems in cr0p production. The
papers are written by well-known experts and
discussed by some of the best practical farmers
in the country
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ROTHAMSTED EXPERIMENTS ON
THE MANURING OF FODDER CROPS
BY SIR JOHN RUSSELL
Director of ti): Rat/Jamued Experimental Station
Fonnnn crops stand out in marked contrast to cereals like wheat
and barley grown for direct human consumption. In the first place
they are of greater value and importance to the farmer; his whole
live stock—the most valuable part of his possessions—depends
upon them, and he is bound to have sufficient to see the year
through. Secondly, some fodder crops, especially Swedes, are more
dependent on climatic conditions than cereals, and they are there-
fore subjeCt to greater fluctuations in yield. Thus the yields of
some of our fully manured crops at Rothamsted have been:
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, 1921 Dry, hot . . : Failed 31 27 34 , 42
: 1922 Wet and sun-y g
i less . .;' 27; 12% 21 33 I. 48
 
 
 
; I923 Dry - - : I4 37 3I 36 45
~. 1924r Late, dull, wet. . 25 25 24 27
I925 Drought early,
f wet later . Failed 27 4O
2 48 2
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Not only do the yields vary but also the response to manure.
A scheme of treatment suitable for the Southern counties would
be inappropriate in the cooler North or the wetter West. A third
important difference from cereals is that fodder crops do not tolerate
starvation conditions as for instance will wheat. Swedes grown
on unmanured land at Rothamsted are hardly recognisable, being
little larger than radishes, and yielding a few hundredweights
per acre only; while wheat without manure on equally poor land
gives a good plant quite normal in appearance and difi'ering from
ordinary crops only in its poorer tillering; the yield is only one-
third that of England and Wales.
So far as manuring is concerned, fodder cr0ps fall into two
' Plot 2N receiving dung and complete artificials, including nitrate soda.
'- The 1925 yields of cereals are not directly comparable with those of earlier
years, as they received rather more nitrogenous fertilisers.
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classes according as they can or cannot be grown profitably without
farmyard manure. The first class includes swedes, turnips and
fodder mixtures; the second includes mangolds, cabbage and kale.
Group L—Sweder.—Swedes can be grown with artificials alone
or with farmyard manure alone, but throughout England south of
the Humber, and indeed probably south of the Tyne, there is no
advantage in using both. The farmer must decide which to use,
and if he is short of farmyard manure he will probably find it better
to use artificials, applying the farmyard manure to something else.
Of artificial fertilisers for swedes, the most important is Pborpbate,
especially where yields are likely to be low. Striking increases in
crop have been obtained on some soils by the use of superphOSphate
and basic slag—for example by Professor Scott Robertson in the
north of Ireland, and occasionally by others in England: Mr Carr
records a Cheshire instance. But if the land is in good condition,
if it has received dung, or if the season be favourable to good
grovrth, phosPhates may have but little effect on yield. This is
well seen in contrasting the poor year 1920 with the good ones
1922 and 1924. Our yields of swedes in tons per acre were:
 
 
 
Poor Tear: i. 000.! Year: 1
X913 1920 |' 1922 1924 l
No artificials . . . . . 3-2 33 1 25°22 17-3
No phosphate, but only sulphate of }
potash and sulphate of ammonia . 6'4 9'3 l 281 19'! .
Phosphate (slag, 1922, or super, I924,
'in addition) . . . . . 8-6 [6'3 1 290 206
—_—
-
_.—_._
g ._ -
In 1920 the superphosphate (2Q cwt. per acre) increased the
crop by no less than 7 tons per acre and converted the small crop
of 9-3 tons into the very useful one of 163 tons, but in neither of
the good years did even the complete manure add more than 4 tons
per acre to the yield, and of this the phosphate contributed but
little; the slag gave an extra ton per acre, and 31; cwt. superphos-
phate increased the yield only by 30 cwt. per acre—not a very
profitable prOposition. But on the other hand the results of 1913
show that superphosphate does not act equally well in all bad
seasons : in 1920 the badness had been due to cold, sunless weather;
in 1913 it was due to drought, and against drought neither super-
phosphate nor any other fertiliser avails much. If we could predict
the season we should recommend dressings of superphosphate for
a cold, poor-growing season and little or no manuring for a good
season or a year of drought. But prediction is not possible, and
the question arises whether the farmer had better prepare for the
worst or hope for the best. One year in four does not seem much
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for a striking result, especially when in the intervening years he
gets only one or two tons of swedes for his dressing of super—
phosphate. But his live stock is at stake; and as he would be
hopelessly caught out if he were without keep in a bad season, it
is wisest to prepare always for years like 1920 rather than hope
for seasons like 1922. A fertiliser that increases the yield in a bad
season, when food is most needed, is worth a good deal to the farmer
and can be forgiven if it fails to give much increase in a year of
good yields, when he has already as many roots as he wants.
But there is another reason for giving phosphates to fodder
crops: they bring about an improvement in quality. This is a
matter of experience rather than of direct trial; the test is not
easy to carry out. But there is good reason to believe that fodder
crops well supplied with phosphate gain in nutritive value: the
herbage of good fatting grass on Romney Marsh has been shown
at Rothamsted to contain more phosphates than herbage of adjoining
fields that will not fatten sheep.
Farmers generally recognise the need for giving phosphates to
their swedes, but they are not always so sure what particular form
of phosphate is best. Until recently there were three possibilities
only: superphosphate, bones, and slag. Of these, superphosphate
gives the best results at Rothamsted, and probably in most other
places also. The yield of swedes in tons per acre was:
"fig_-_.__P—_ . _  
—.-
—- ~-_-__.—
—.._
-__
Year 9 N0 Phosphate Superplxosplzate Basic Slag Bone Metal I
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i
141 16-9 1—33
__-
16:7 1
1913 1 6-4 8-6 66 7-4 ,
l 1920 9-3 16-3 15-8
'
8'6
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_
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Superphosphate has also the advantage that it generally hastens
the development of the young plant so that it is sooner ready for
hoeing; in some seasons this is a great advantage. There are,
however, instances where basic slag proved best, usually on land
subject to finger-and-toe, a disease that does not trouble us at
Rothamsted. As a rule the high soluble slag has proved better
than the low soluble, and it does not appear that the low soluble
slag is improved by finer grinding.
Fear is sometimes expressed that superphosphate may make the
soil acid. This possibility has been carefully studied at Rothamsted,
both on the Rothamsted and the Woburn soils, but no sign of in-
creasing acidity has been discovered. One would not eXpect it, but
the idea is so persistent that we should like to know how it has
1 Many of the young plants died through want of rain; more seed was sown
but failed to grow.
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"arisen; and if a case were found, we should welcome an opportunity
of examining it.
Recently two other kinds of phosphatic fertiliser have been
offered to farmers: ground mineral phosphates and certain
proprietary articles, most of which appear to be ground mineral
phosphates also.
Mineral phosphates were first tested in Scotland by two well-
known but widely different men: Dr Aitken at Pumpherston and
Mr Jamieson in the Aberdeen district. They have remained popular
in parts of the north country. Gafsa phosphate from North Africa
is used in Northumberland, where the seasons are cool and moist.
The essential condition is that these phosphates should be finely
ground—passing the sieve with 120 meshes to the linear inch in-
stead of the usual Ioo meshes. It is said—but at Rothamsted we
have no experimental evidence on the matter—that swedes grown
with mineral phosphates or basic slag do not ripen so early as those
grown with superphosphate, and may therefore be more useful for
feeding to sheep on the land where it would be an advantage to
retain the green leaves as long as possible. At Rothamsted Gafsa
and Nauru were tested in 1922 and 1924, but neither year was
favourable to the action of phosphate and no crop increases were
obtained. The Agricultural Education Association tests with Gafsa
phosphate gave promising results, and it may be worth while for
the County Organiser to arrange a test of slag and mineral phosphate
against superphosphate, especially if the mineral phOSphate be much
cheaper per unit. The test, however, cannot usually be carried out
by the farmer himself; it needs proper replication or it may give
very misleading results. Assistance in working out the details will
always be given at Rothamsted.
Nitrogenozu Manure.——Many experiments show that sulphate of
ammonia applied with the seed increases the crop, I cwt. sulphate
of ammonia giving about an extra ton of swedes per acre whether
the season is good or bad:
i...
l
g
 
1922 1923
Good Scarol: Poor S4?me
 
Dung N0 Dung Dung . No Dungl
30-6 26-, I43 - 13-2Potash and phosphates only .
2 cwt. sulphate of ammonia
in addition . . -
.
15732-6 29-1 167
 
Gain from 2 cwt. sulphate ;
of ammonia . . . :
Gain per cwt. sulphate of
.
ammonia . . . 1'0 1'2 :1 I '2 I'
i
.
I
_.-.——
-—.—__
-
2-0 2'4 2'4 2-5
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As usual, the effect of nitrogen is remarkably steady, in sharp
contrast with the varying effects of phosphates; 1 cwt. sulphate of
ammonia usually gives an additional 20 cwt. of swedes whether the
season is good or bad. In 1924 the dressing was varied to test the
effect of using larger amounts, but there was no advantage in going
beyond I; CWt. per acre:
l
ll l I I
' |
 
. Sulphate of ammonia, cwt. per acre . ' g 1% 2}
Yield of swedes, tons per acre . ' 25-7 l 26'1 28': ' 27'4
Gain from sulphate of ammonia ? 0'4
'
2 5 l 1-7
Gain per cwt. sulphate of ammonia, i l l
tons of swedes . . . . l 05 I"; I 0-8
It is not yet certain whether the nitrogen is better applied with
the seed or later, but some of the experiments suggest that later
application is somewhat better. It would be interesting to study
the effect of time of application of nitrogenous manure on the
incidence of mildew; early sowing seems to increase the liability
to mildew in the South—happily Scotland does not suffer so badly
—and it would be useful to know if nitrogenous manure applied
with the seed had the same effect; if so, the later application would
obviously be better.1
Pomm'r .ManureL—Potassic fertilisers have no very marked
effects on the South, but they are more useful in the North, where
the growing season is longer and where, therefore, it is an advantage
to keep the crop growing as long as possible.
Summing up this question of the manuring of swedes: either
farmyard manure or artificials can be given, but it is not usually
necessary to give both. Of the various phosphates, superphosphate
is as a rule the best, but basic slag is useful on land subject to
finger-and-toe, and there are indications that finely ground mineral
phosphates may be useful also. But superphosPhate has the great
advantage of hastening early growth and so allowing of earlier hoe-
ing, and before getting away from it careful field trials should be
made; these are difficult to carry out. Nitrogenous manure gives
increases of about 20 cwt. swedes for I cwt. sulphate of ammonia,
but potassic manures are not strikingly effective. A suitable dress-
ing of artificials is I cwt. sulphate of ammonia and not less than
2% cwt. superphosphate, increasing this where experience shows it
to be necessary. In southern conditions the manuring is somewhat
of the nature of an insurance against bad seasons, but it will not
cover drought; phosphates, however, probably improve the quality
and so give better results than the figures indicate.
1 Mr Carr informs me that in Kineardineshire tap—dressings of nitrate of soda
are found very useful, especially after a wet June or July.
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Il-Iixmrr (Ira/m—ljke swedes, mixtures can be grown without
farmyard manure, though, like swedes, they respond quite well
to it. There have been no critical experiments on the manuring
of these crops, and we have only general experience as a guide.
On general grounds one would recommend a dressing of basic
slag and of kainit—say, 3 cwt. of each, the slag to be of high
solubility.
Group IL—Fodder Crop; needing Farmyard 1W(mare—Mangelic.—
Mangolds, like swedes, are greatly influenced by seasonal factors,
especially rainfall and temperature—indeed they are more sensitive
to temperature, and so they cannot be grown in parts of the north
of England or Scotland. Rainfall affects not only the yield but
the manurial scheme and the composition of the roots.
In moderate/y dry regiam, as in the east and centre of England, the
mangold requires three manures: (I) farmyard manure, (2) nitro-
genous, and (3) potassic fertilisers.
(I) Farmyard [Hamma—Dairy farmers who want large crops
of mangolds and have plenty of farmyard manure sometimes give
very large dressings. Surrey dairy farmers in pre-war days have
been known to apply some 40 or 50 tons per acre and to get crops
of 80 tons of mangolds. These heavy dressings are justified only
when the farmer has so much manure he does not know what to
do with it. Equally good results could be expected from, say,
20 tons farmyard to the acre and a proper dressing of artificials.
On many farms the difficulty is to find enough farmyard manure.
We have experimented with two substitutes: town refuse and
composts; but our tests are not yet sufficiently advanced to justify
definite conclusions. The town refuse from two of the London
boroughs was tested in 1923 with promising results, but many
more tests are needed before useful comparisons could be made.
Composts of waste straw and other like materials are being used
now on our farm by Mr Heigham; from what we know of their
decomposition in the soil we should expect sulphate of ammonia
or nitrate of soda would need to be applied to the crop before the
full benefit of the compost could be obtained.
There has been some discussion as to the best time of applying
farmyard manure. This depends on the amount of winter rainfall;
and if we leave out of account the question of convenience, the
best results have been obtained by ploughing in the manure in
autumn where the winter rainfall is fairly low, and in spring where
it is high. But farmyard manure involves so much handling that
the question of convenience cannot be left out of account, and prob-
ably most farmers would prefer to apply it as soon as it is available
in the autumn or winter, so as to get the job done.
(2) Artyicial Manure:for Manga/d:.—Of the nitrogenous manures
the Barnfield results show that nitrate of soda is the best, especially
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for t0podressing, while sulphate of ammonia is most usefully applied
with the seed. Nitrate of lime has, however, given good results as
a top-dressing. There is little good experimental work as to the
time of application, but some indication that the time of singling is
perhaps the best.
(3) Of the potassic manures either 30 per cent. potash salts,
kainit or muriate is suitable, but it is not certain which is the best.
Both French and German kainit and the " 30 per cent. salts" con-
tain salt, and German kainit contains in addition magnesium sulphate:
there is some evidence that both of these are beneficial to mangolds,
and if so, kainit or 30 per cent. potash salts would be the better
fertiliser. But the case is not proved, and the muriate being more
concentrated involves less handling and cartage and may therefore
be the more economical.
Whichever potassic fertiliser is used, it should be in some pro-
portion to the amount of nitrogenous manure. For each hundred-
weight of sulphate of ammonia and nitrate of soda given to the
mangolds there should be I cwt. muriate of potash or 2 CWt. kainit.
If the nitrogen is in excess, the plant may become unhealthy and
lose some of its feeding value: striking examples occur on the
Barnfield plots.
The need for phosphate is less clear; it has not often been
tested by experimenters, but neither at Rothamsted nor in the
Agricultural Education Association tests did it produce any useful
effect.
In wet districts the manurial scheme needs some modification.
At Bangor, where the rainfall is very high, nitrogenous manures
seem to have but little action, and in some seasons none at all.
The composition of the r00ts also is affected: mangolds from the
wet parts of North Wales contain only some 10 per cent. of dry
matter; those at Aberystwyth under less rainfall contain 11 to 12
per cent. and sometimes more, while at Rothamsted and in the
Eastern parts of England values up to 12 and 13 per cent. are
common. Varieties differ in their composition, however, and some
contain more dry matter than others; obviously, in view of the
cost of handling bulky crops like mangolds, it is an advantage to
grow only those rich in dry matter.
Kale and Cabbage.—Few field trials have been made with these
crops, but experience shows that they respond to good dressings
of dung followed by dressings of artificias, mainly nitrogenous:
a mixture of, say, 1% to 2 CWt. nitrate of soda or sulphate of
ammonia, 2;; cwt. superphosphate, and écwt. kainit per acre mightbe expected to give good results. armers making their own
tests of manures should weigh the produce; judgment of fodder
crops by eye is particularly liable to mislead.
 
THE CULTIVATION
€639 MANURING
OF SWEDES
€939 KALE
BY W. A. C. CARR, M.C., N.D.A.
Cberbire Sclroo/ gf Agriculture
Swnnss belong to that unfortunate crop which is designated " roots."
I say "unfortunate" because they are liable to attack, and are
frequently attacked, from every quarter. Insects and fungi are
ready to destroy them in the field, and even the lucky roots which
escape the frost and land in the turnip shed are in danger of being
thrown out again if considered a menace to the yield of the dairy
cow. From time to time we are told that the crop is old-fashioned
and unprofitable, yet farmers stick to it with dour determination.
We are informed we can grow silage and forage crops if we find
them more profitable than hay, but roots—no! One might well ask
the question—Are roots doomed? Before we cut out roots, how-
ever, we must find a substitute. Have we a crop in these islands
which will yield more dry matter per acre than roots, when grown
under suitable conditions? Have we found a crop which will yield
digestible dry matter at a lower cost for winter feed than roots, and
have we a crop the cultivation of which will keep the land clean at
less cost than roots, if kale be excepted, or included under the term
"
r00ts
" P So far I have not found a substitute.
Discrimination is necessary, however, in the feeding of roots as
with other feeds—even linseed cake has its limits.
Swedes thrive under rather dry conditions in the early stages of
growth, but the crop requires a good deal of rain after the plants
begin to meet between the rows. Suitable climatic conditions are
essential for a full crop. Heavy soils and wet soils seldom yield
profitable crops of swedes; soils of this nature are better under
grass.
The inclusion in the rotation of a good ley will do much to
render root-growing profitable. Even a heavy soil becomes more
friable, and tends to get into the fine condition suitable for a sound
crop of roots. The ley reduces the frequency of the crop, and club
root is no longer a serious menace, unless soils are actually sour.
The Aberdeenshire farmer can rely on a sound crop of swedes, and
he is not unduly troubled with weeds. I admit the soil and climate
are suited to the crop, but the six-course rotation containing a three
years' ley' plays no small part. It is unfair to blame the roots for
the shortcomings of other crops in the rotation, and if the land
becomes weedy and out of condition through corn-growing, swedes
then appear to be an expensive crop.
It may be, also, that the ley has an effect on the feeding value
12
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of the swede. Collins has proved that the ley improves the quality
of oat straw.
The preparation of the land for swedes and kale is similar. I
believe in thorough cultivation, though I am afraid I cannot quote
authentic experiments which show an advantage. Surely, in the
preparation of land for swedes, we find an opportunity to plough a
little deeper than is usual in the autumn of the year preceding the
crop? Ploughing should be done early, especially if the land is
at all on the heavy side. The furrow should be set up so that
it will withstand the weather and be exposed as far as possible to
the ameliorating influence of frost. I am often asked the question:
Should farmyard manure be ploughed in during autumn or winter,
or should it be applied in the drill before seeding? I do not hesitate
to reply that it should be ploughed in as soon as it is available,
provided the condition of the soil permits. Heavy rainfall may
wash away valuable ingredients, but too often the manure is exposed
to the same danger as it lies unsheltered in the farmyard or else-
where. When the root area is considerable and the land tends
to dry out, the advantage gained in the spring usually outweighs
the disadvantage of manurial loss. It is not advisable to plough
dung in too deep. Where conditions permit, good results may be
obtained by ploughing in the manure with a light furrow in the
autumn, and following later with a deep furrow. The process
may be reversed on dry land. One can plough a good furrow,
harrow, cart and spread the manure, and then plough in with a light
furrow. By adopting these methods the manure is sandwiched
between the furrows in a way which should yield good crops. The
difficulty, however, is the extra expense entailed by twice plough-
ing, and it is probable that the increase in crop will not always pay
for the extra work.
Too much time must not be spent on intensive cultivation if
it is likely to cause the work to lag behind. My experience in
the North-east of Scotland and in Cheshire convinces me that the
failure of a swede crop could often be prevented by having the
spring work a little better in hand. Unfortunately we have to
contend with a variable climate, and " the best laid schemes 0' mice
an' men gang aft a-gley." We must, however, allow a large margin
for safety, as I feel sure it is a very important factor in the cultiva-
tion of the crop, especially in places where heavy soils dry out
rapidly. Every other year, if not every year, one may see whole
fields sown with swedes and turnips bare and brown in July.
" Yes, if we had been only a few days earlier it would have been
all right." How often have I heard this, and repeated it myself.
I have observed a farmer with slipshod methods push ahead with
the crop when more careful men stood aside to await better weather
or perform another cultivation. The former often won, as he
A3
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almost invariably obtained a plant, which the Others sometimes
missed. The root area should receive attention early in spring.
The plough furrow should be broken on the surface in order to pre-
vent the drying out of the soil. I do not care for cross-ploughing
later than March, as it tends to allow the drought to penetrate
to the bottom of the furrow. Better results, in my opinion, are
obtained by working gradually down by successive cultivations
until the desired depth of tilth is obtained. A finer tilth results
and moisture rises to the plant in dry weather. Experiments at
Craibstone in Aberdeenshire show the importance of sowing the
crop at the right time. The soil there is of a nature which does
not readily dry out, and a plant can be obtained from late sowings.
INFLUENCE OF DATE OF SOWING ON YIELD
 
 
 
Average of 5 Year: Average of 4 2'ear:
Dale of Sowing
'
Swede: Yellow Turnip:
Tom C"wt. Ton: Catt. i
May 8th . . . 2 1 9 .. .
I 5th . . . 20 15 28 2
2 2nd . . . 19 4 25 8
29th . . . I 9 o 23 9
June 5th . . . 17 7 23 4
1 2th . . . I 7 8 2 I 6
19th . . .
'
. . . I7 5
26th . . .
... I4 0
 
 
 
 
Practical experience in the area confirms my opinion that swedes
and turnips are usually sown too late for full cmps.
Conditions are different in England, and it is difficult to in-
dicate when swedes should be sown. In Cheshire the evidence is
very conflicting. Swedes sown early in April sometimes make an
excellent crop, whilst swedes sown in May may fail. The result
may be reversed another year under different climatic conditions.
Another experiment at Craibstone shows that turnips should be
thinned out when the plants are small:
 
Average Q)" 4. Year: A-verage of 2 Year:
Tom Own Tom (hut.
Yellow turnips— Swedes—
Early-hoed . 2 I I 6 Early-hoed . I 6 I4.
Medium-hoed . 19 I o Medium-hoed . I 7 6
Late-hoed . 1 6 I I Late-hoed . . 1 7 5
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Although swedes do not show an increase in yield, hoeing can be
done at a greater pace and weeds can be dealt with effectively in the
early stages, whereas if hoeing is delayed, the work becomes very
slow and cleaning is much more difficult. The same thing applies
to horse-hoeing—do the work if possible before the weeds appear.
Experiments indicate that varieties of swedes vary in yield and
composition, and it is difficult to single out outstanding varieties.
VARIETY TRIALS AT REASEHEATH, CHESHIRE
 
 
 
 
1923 1924 E
-
.
____.___ mu - |
V
. Yield : Per cent. Yield Per cent. larzety (Tom) 1 Dry Matter (Tom) Dry Matter '
Magnificent . 31-5 g 9-0 37-4 10-6
Superlativc . 29-0 ; 8'2 33-9 10-9
Viking 29-0 l 9'3 35'2 10-6
Feedwell . 28-5 g 9-2 31-3 10-9
Best of All . 27-5
'
9-5
Leighton's 16-week 27-0 9-I
Model. 26-5 10-0
Conqueror . 26-5 9-2 33-0 11-3
Lord Derby . 250 9'8
.
Eclipse 23-5 9-9 38-2 10-5
 
TYPES OF SWEDES TO TEST FEEDING QUALITY—1923
joint Esperiment, Aberdeen, Edinburgb and Glargo-w Colleger,
and Ro-wett Imtitute
 
 
 
 
 
m—
I'm'iety Type fiberdeen l EJinburg/l
" Glasgow 3
l
l
|
'
Height Total 1: "gym 7'utm' I! 'er;;'}rt Tm! '
, per Solid: pn- solar: per , Solids
.
acre
Per ;
at" ['0' a'cre Per
.
Tart: cent. ! 7km: (ml. 72m: . rent.
Aberdeenshire Prize Purple North
'
14-6 15-4 3 26-2 11-2 . : 10-2
Bangholm Purple Globe ; 14-4 14-6 , 22-8 11-3 . , 10-3
Best of All Reddish Globe i 16-0 14-3 32-4 10-9
'
10-1
Bronze Tankard Bronze Tankard l 17-2 12-6 23-4 9'9 .. 9'5
Caledonian Br. Globe F 17-4 14-2 20-0 10-2
'
l 9-8
Darlington Br. Green Globe ' 17-9 13-8 23-8 10-2 . 10-4
Kinaldie Green Globe 7 14-2 16-8 20-0 10-9 . ; 103 l
Picton Red P. Tankard ' 18-3 12-4 ' 29-6 10-2
3
9'6
Stirling Castle Purple Tankard 16-0 14-0 l 21-3 10-6 10-2 .
9
X L All Bronze Globe
.-
15-6 13-4
'
23-5 105 . ; 9'9
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Manuring of Swede:.—In the past it has been the custom in
many districts to apply dung and a heavy dressing of artificials to
swedes. It is doubtful if this is justifiable even in Scotland. The
crop does not respond like mangolds and kale to manuring, and
seems more influenced by season than manuring. We have been led
to understand that swedes require a liberal dressing of phosphate,
yet some trials give negative results.
Remit: of Trial: at Remebeatb, 1922 and 1923. — All plots
received dung in the drill in addition to sulphate of ammonia and
muriate of potash. Phosphates equivalent to 3 cwt. superphosphate
(35 per cent.) per acre was applied to all plots, except the "no
phosphate " plot.
The following table gives the results expressed in tons per
acre :—
field
1922 1923
Phosphatic manure—
No phosphate . . . . 13-1 2263
Mineral phosphate . . . 12'0 27°4
Superphosphate . . . I 1'3 272}
Ephos . . . . . [2'2 272}
Efm' of Samara—Swedes have been grown at Reaseheath under
similar conditions each season, and the average yield in four
successive seasons is as follows :—
I921—Crop failed owing to mildew.
1922—12 tons per acre.
1923—27 tons per acre.
1924—36 tons per acre.
Provided phosphates are applied to other crops in the rotation,
it is unlikely that the swede crop will suffer, when once established,
through a deficiency of phosphate. With a moderate dressing of
dung, a light complete dressing of artificials containing soluble phos-
phate is advisable. This will give the plant a good start, which I
think is important. If the crop tends to be restricted in growth
by heavy rainfall in the early stages, a touch up with nitrate after
singling may improve the yield.
When poor land is ploughed up, phosphate may prove the
limiting factor, and soluble phosphate may be necessary. A small
experiment on a farm lying in the smoky area of Cheshire gives
interesting information on this point.
A plot of poor turf was carefully dug up for the experiment.
Carbonate of lime and a dressing of nitrogen and potash were
applied to all plots. The following yield of swedes was ob-
tained:—
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No phosphate . . . . ['4 tons per acre
Mineral phosphate . . . 2'9 ,, ,,
Superphosphate . . . 9'3 , , ,,
My experience in Kincardineshire also favours the use of super-
phosphate—small dressings bring the plants on to the hoeing stage,
whereas heavier dressings of insoluble phosphate often fail to give
the plant the necessary start. Superphosphate may tend to favour
club root, but an application of lime now and again will counteract
this tendency.
Marrow-stem kale is more reliable than swedes at Reaseheath.
Crops yield from 25 to 30 tons per acre—and so far have never
failed. The yield of dry matter and protein is higher than that
of swedes. Cattle eat it readily in the field or in the stall, it is
the cheapest autumn feed I know, and it does clean the land.
Although I have put in a good word for swedes, we have lately
largely replaced the crop by kale at Reaseheath, but in the North-
east of Scotland kale does not compare favourably with swedes.
The cultivation of kale is similar to that of swedes. We drill
it in the ,same way with about the same weight of seed per acre—
i.e. 3 to 4 lb. I am often asked: Should kale be thinned? I have
tried it unthinned and at distances of from % ft. to 2 ft. apart, and,
provided the unthinned has not been thickly sown, I have found
little difference in the total yield. Cattle, however, do not take
readily to very thick stems, and for this reason I prefer to roughly
hoe as for swedes. The crop may be planted out after early potatoes,
and for this purpose it is advisable to sow a few drills of kale along-
side the p0tatoes so that plants are at hand when re uired. I have
sown kale successfully in Cheshire from the end 0 March to the
end of June. Marrow-stem sown early in April will be ready to
cut, if required, by August; but sowings about the beginning
of May are, I think, on the whole better for use in November and
December. Thousand-head kale does not yield the same weight
of crop as marrow-stem. It stands the frost better, and of course
provides excellent fodder late in spring, but I generally find it gets
in the way of the succeeding crop.
Kale responds to manure, especially on poor soils. A good
dressing of dung is desirable, and in addition we apply 1% to 2 CWt.
sulphate of ammonia, 3 to 4 cwt. super, and [135 to 2 cwt. muriate
of potash or its equivalent. After thinning we usually apply a top-
dressing of nitrate. We have not carried out a manurial trial at
Reaseheath, so our manuring may be wrong, but we can rely on
good crops.
In 1925 we had a small experiment at Taylor Fold, near Staly-
bridge, on poor soil, to test if top-dressing with nitrate after hoeing
was profitable. All plots received dung and a complete dressing of
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artificials—Ii: cwt. sulphate of ammonia, 3 super and 193 muriate
of potash:
Tom per acre
Basal manure but no nitrate . . . . . 16°o
,, ,,
and I cwt. nitrate of soda . . 19-
n n and 2 n n n - - - 22'
The crop being of a leafy nature responds to nitrogen, and it is
possible we could have profitably increased the dressing.
Kale is now finding a place on many farms in England, and
farmers seem satisfied with the crop. There is, however, a danger
of over-production. The produce of 1 acre of marrow-stem kale
will, I think, provide sufiicient green stuff for fourteen or fifteen
cows up to Christmas, after which I prefer swedes or mangolds.
FORAGE CROP MIXTURES
BY J. C. BROWN, P.A.S.I.
FORAGE crops attracted considerable attention in this country during
the eighteenth century when the ancient system of agriculture was
breaking up and the system now practised was taking definite form;
but the economic forces of the late eighteenth and early nineteenth
centuries favoured corn production, and in consequence these crops
almost disappeared from British agriculture. But it is of interest
to recall that in several Continental countries—notably in districts
in Germany—a forageocropping agriculture continued steadily to
develop during the last century, and has at the present time reached
an advanced stage of progress. In recent years in the United States
of America a very considerable live-stock industry has sprung up
which rests almost entirely on arable forage crops. The cr0ps and
methods employed in these countries are not well suited to English
conditions, but a considerable range of forage crops exists which
can be grown successfully in this country, while others need but
slight improvement to render them of great value. Examples of
the latter are the flat pea (Latbyrm :y/wrtrir) and Bokhara clover
(Mali/011:: 12/60 at of); both these crops give very high yields of
nutritious fodder, are easily cultivated, and are almost independent
of soil conditions, but the rapidity with which the stems of the
plants become woody in character and unpalatable to stock renders
them practically useless in their present form. Similarly, maize
and lucerne, which are so largely employed in the United States,
are not adapted to general cultivation, at the present time, in this
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country. We have, however, a number of well-tried crops, which,
while not so productive as some of those previously mentioned, are
well suited to our soil and climatic conditions, and which make
excellent fodder for farm live stock. Mixtures of rye and vetches,
rye and beans, rye and peas, oats and vetches, peas and oats, peas
and wheat, chicory and alsike, wheat and vetches, beans, peas and
wheat, beans, peas, barley and oats, and mixtures of carrots and
parsnips, can be effectively employed in the feeding of live stock.
The best-known of the above mixtures is of course the mixture
of rye and vetches, which, on many farms, is grown for early
spring fodder. In spite of its widespread use, however, it is not
entirely satisfactory, because the vetches mature much more slowly
than the rye, very little of the vetches being seen at the time when
the rye is ready to cut, and for this reason, except when the cr0p
is required for feeding to sheep, a mixture of rye and beans is to
be preferred. Sheep are not fond of the bean plant, and eat it
much less readily than vetches. Rye has also the great drawback,
like Bokhara clover, that it is only palatable in the earlier stages
of growth.
On light soils a mixture of peas and rye, sown early in January,
will be ready for use as soon as the autumn-sown crop of rye
and vetches, and is considerably less inclined to become woody.
The common practice is to take a crop of turnips or cabbage after
an early crop of rye used for green fodder, but if the land is clean,
and early autumn fodder is needed, a mixture of St John's Day rye,
or of buckwheat and peas, may be grown instead—in favourable
seasons these crops may yield very heavily. On the lighter soils a
very good plan is to sow rye in wide drills in September and drill
peas between the rows in January, when the two crops will mature
about the same time. If this mixture is cut before the flowering
of the rye it is highly nutritious. A mixture of April bearded
wheat and peas sown at any time during January or February is
a useful mixture crop for harvesting as a grain crop; it makes
very rapid growth and is well suited to the weaker soils. If
desired it may be used as a hay crop. When cut for hay the
mixture should not be allowed to pass the flowering stage. The
most suitable mixture for making into hay is one of oats and peas.
Any variety of oat or field pea may be employed, but to obtain the
best results the variety of oat known as Duns should be grown,
because of its hardy nature and the very large quantity of leaf and
stem which it produces. This mixture should be sown in January
or February, at the rate of 2% bushels of oats and I bushel of peas
per acre : later sowings will give good results, but the heaviest yields
are obtained from early sowings. Very heavy yields of hay, even
on inferior soils, can be obtained from this mixture.
To obtain the maximum weight from the crop it is necessary
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to delay cutting until the first pods on the peas are beginning to
form; but if bay of high quality is preferred to quantity, the crop
should be cut when the oats are flowering. When cut thus early
the crop will, in favourable seasons, make a second growth as
heavy as the first, which is particularly useful on the dairy farmfor autumn green fodder. When the crop has reached full growth
it is not more difficult to make than any other hay, but when cut
before this stage is reached it is rather difficult to turn unless the
weather be good—artificial drying would be distinctly useful in
this case. If well harvested this early cut hay is little short of
concentrated food in value. This mixture is one of the most use-
ful to the stock owner, owing to the heavy yields of high qualityfodder which can be obtained by its use. The mixture can be used
as a seed crop by sowing the Marvellous oat in place of the Dunsfor early sowing and any good grain oat for later sowing; success,
however, depends largely on early sowing, as an attack of frit-fly
on the later-sown crop may seriously reduce its yield.
Valuable as the arable hay crops are, the experience of recent
years leads to the conclusion that the best results are obtained from
growing the mixture crops as grain crops and feeding them in con-junction with succulent fodder. Recent experiments tend to show
that a given weight of green fodder has a greater value in the form
of ensilage than of hay, but the extra cost of the ensilage is a draw-back to its use. A cheaper food of equal value can be producedby combining a forage mixture harvested as grain and a succulentfodder crop. The most successful of all the mixtures available
for this purpose is one composed of beans, peas, barley and oats,
varied according to the nature of the soil and district. It can be
grown on practically all soils, and is especially suited to the weaker
wheat soils and the heavy soils which need frequent bare fallowiug:good crops can also be obtained on the lighter soils by suitable
manuring and cultivation. The crop gives such heavy yields thatit is necessary to take precautions against lodging by including a
sufficiently high proportion of beans: the ideal mixture for the
growing crop is half pulse and half cereal. A seed mixture made
up of beans, 2 bushels; field peas, 1:}; bushel; oats, I bushel;barley, 1% bushel, sown at the rate of 4 bushels per acre, on
average land, will give this result. On some soils this seedingwould be too heavy ; on high-lying lands an increased seeding mightgive improved returns. If the cr0p is sown before mid-November
I bushel of vetches should be substituted for the peas.The behaviour of the various species is very different in the
mixture to the pure crop, and there is no doubt that each cropcould be very much improved for this particular purpose. Aninteresting fact in this connection is the much more luxuriant growthof the cereals when mixed with pulse as compared with the pure
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crops. The taller the beans the better they are suited to the
mixture, while a rapid-growing, widely branching pea, the straw
of which does not ripen, is best suited for the purpose. A wide-
spreading, vigorous root system in both species is also important.
The crop should form a close covering over the ground at an
early stage of its growth, in order that it may check the growth
of weeds; once the ground is covered it is practically impossible
for anything but the strongest kinds of weeds to survive, owing
to the dense close growth of the crop. If sown in the autumn, or
early spring, it is rarely seriously damaged by drought or excessive
wet during the following summer, if the land on which it is grown
is well drained. The seed may be either drilled or sown broadcast.
If sown broadcast the different species should be mixed together,
sown on the raw furrows, and harrowed in by giving two strokes
with the spring-tined harrow. When the seed is drilled, the
mixture may be sown in the usual way or the pulse may be sown
separately in one direction and the cereals at right angles to it.
When this method is adopted it is a good plan to sow the pulse
in wider drills than the cereals, taking out each alternate coulter
for the purpose. On the lighter soils it is advisable to sow deeply.
No spring cultivation is required for the autumn-sown crop. The
crop may be sown at any time from September until the end of
March for seed and for green fodder; in some districts it may be
sown as late as June. No universal rule can be laid down as to the
best time to sow, as this varies with the district; but the autumn-
sown crop is nearly always more resistant to adverse weather
conditions. On light soils the crop is greatly benefited, in the
first year, by a generous dressing of farmyard manure, Otherwise
the beans may not pod well. On the heavier soils, unless the land
be in very poor condition, a dressing of from 5 cwn to 8 cwt.
of basic slag is sufficient to give a full yield. Top-dressing with
quick-acting, nitrogenous manures is sometimes effective, but more
often they do not give any return. If used at all they should be
applied early.
The ordinary binder takes up the crop quite satisfactorily,
and the large rough sheaves thus formed stand well in the stook
and are resistant to bad weather. The crop may be cut with the
ordinary grass-mower and cured in much the same way as hay. In
the majority of districts the beans ripen less rapidly than the other
constituents of the crop, which should therefore be cut when the
cereals are ready—the beans, if not quite ripe, will ripen out satis-
factorily in the stock. Early cutting greatly enhances the value
of the straw for feeding purposes. The crop is thrashed with the
ordinary thrashing box and any good farm grinding mill will reduce
the grain to meal. One of the advantages of the crop is that it can
be grown year after year on the same land with improving yield.
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Its effect on the soil is quite different from that of a pure cereal. The
cereal crop, owing to its Open character, allows the land to become
weedy and its root system destroys the soil textures. Long ago
Tull showed that cereals can be grown continuously on the same
land without any falling off in yield, providing sufficient mechanical
cultivation is given. The mixed cr0p automatically pulverises the
soil by the action of the roots of the plants: the difference in the
soil condition after a forage crop is obvious to the eye and touch.
The smother-effect of the mixed crop is so complete that, if the
land be clean when the cropping is commenced, no weeds can
establish themselves beneath it; and when conditions favour the
crop, really weedy land can be cleaned through the smother-effect
of the cr0p.
The yield of the crop when grown continuously on the same
land is considerably better on the average than that of the pure
cereal grown in the rotation. The grain of the mixed crap is well
suited to the feeding of all kinds of farm stock, and if succulent
fodder is available, the straw, if well harvested, is useful fodder.
The grain is a concentrate which can be easily adjusted for any
particular use. The cost of growing varies from [6 to [9 per
acre according to the character of the land, and on an average the
yield of grain is about 2 5 cwt. per acre and 35 cwt. of straw.
The cost per lb. of starch equivalent produced is about '8d. Even
without putting any value on the straw the grain is a cheap con-
centrated food. The crop is best used with marrow-stem kale
as a succulent fodder: 100 lb. of kale, 4 lb. of the grain of the
mixture and 4 lb. of the straw give a composition which closely
approximates that of the best pasture grass. As kale can be pro-
duced at a cost of 6d. per cwt., this mixture is a very cheap food,
well suited to cattle of all kinds; I have fed as much as 125 lb.
per head per day to dairy cows with good results. If a more usual
method of feeding is preferred, a suitable maintenance ration is
5 lb. of marrow-stem kale, 12 lb. of the straw of the mixture and
2; lb. of the grain. The extent to which in the States the practice
of feeding off standing maize and peas is carried on suggests the
possibility of developing a parallel practice in this country, using
in place of maize a mixed grain crop.
The mixed crops can be taken after a cereal crop in the ordinary
rotation, but the most effective method of growing them is to recast
the scheme of cropping on a plan which reduces the area under
pure cereals but which increases their yield per acre, eliminates the
greater part of the unprofitable root crop, and provides an increased
and more regular supply of food for live stock from the arable
land.
The following rotations, based on a large number of experiments,
secures the above aims :—
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Suggerted Rotatiam
(I) Beans, peas, barley, oats mixture
(2) ,, ,, ,, } for grain(3) n n n
(4) ,, ,, ,, green fodder or ensilage
(5) Wheat
(6) Kale
(7) Kale and mangolds
(8) Oats
(9) Seedsl(Io) ,, for grazing
(n) ,, J
(12) Wheat
Scbeme of Feeding Stock from Arable Lam]
May [ Temporary pastureJune
1
Permanent grass
July Grain of mixture crop
Grass supplemented with—
August [ (a) Aftermath of peas and oat hay cropSeptember (5.) 11:1211:8 h dOctober (e) no w eat an peas(0') Autumn-sown marrow-stem kale
(.9) Grain and straw of mixture crop
NovemberDecemberl Straw and grain of mixture crop
January J Marrow-stem kaleFebruary
Mangolds
Xarfih l Grain of mixture cropP" l Arable hay mixture
The common system of management of live stock in this country
does not secure the full output of which the animals are naturally
capable, because of the falling off in nutritive value of the grass
during the late summer and early autumn months. By supple-
menting grass pasture with forage crops produced on arable land
the rate of progress of the best summer period can be maintained
and the carrying capacity of pastures considerably increased. The
summer feeding of ensilage is a common practice in the United
States : in this country a combination of mixed corn, arable hay and
kale can be produced at a lower cost, and is possibly better suited
to the purpose.
MANGOLDS AND SUGAR-BEET
BY C. HEIGHAM, M.A.
Ratbamrted Experimental Slation
IN grouping together mangolds and sugar-beet in a single short
paper there is some danger that the great distinction between them
may be lost to view and that their many similarities alone will be
recognised. It is well therefore to state by way of preamble that
whereas mangolds are for the most part produced as a winter food
for stock on the farm and as a land-cleaning agent in the rotation,
sugar-beet are intended primarily for human food and for direct
sale, and that this consideration alone is enough to keep the agri-
cultural treatment of the two crops on different lines. The facts
that beet can be used very successfully as a fallow crop and that
their by-products make excellent feed for many classes of stock
add greatly to their value to the farmer who grows them, but it is
the cash return which they bring which is the real cause for the
recent multiplication of acres under the crop.
In 1923 the area under sugar-beet in this country was only
16,920 acres, most of which was found in one district in East Anglia.
Last season the area cropped was over 58,000 acres spread over a
much larger district, and the current estimates show that as much
as 128,000 acres are to carry the cr0p in the present season
(Table I., p. 32).
Factories for the extraction of sugar from the beets are appearing
in all parts of the country, and, for the moment at any rate, there
seems to be some hope that both grower and manufacturer may
derive a fair profit from the crop which will help to discount losses
in other branches of the industry. Naturally enough the rapid
development of this crop has been made at the expense of other
crops, and of these the mangold has been the one which was most
often replaced. The general similarity of habit of the two roots
has led in many cases to the easy replacement of the one by the
other and to the substitution of a cash profit for what has often
been regarded as an inevitable and perennial loss. This has been
done with but small disturbance to the normal rotation of the farms
and, in cases where beet tops and extracted pulp have been used
to full advantage, without reduction to the head of stock supported
on the land.
For something like one hundred and forty years the mangold has
maintained a high reputation as a food for stock and as a fallow crop,
and through all the agricultural vicissitudes of that period it has
kept its place as a cr0p of first-class importance.
It is typically a south land crop and has never had any vogue in
2+
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Scotland, and the areas under it from 1910 to 1924 have been as
follows :—
Year Acre: under Mangald
I910 . . . . . 442,779
1915 . . . . . 413,710
1920 . . . . . 395,680
1924 . . . . . 388,184
The decrease may become greater in the next year or two, because
not only is the sugar-beet area extending, but it appears that the
use of ensilage and kale is increasing. Quite recently the value of
mangolds and other roots as a food for some classes of stock has
been seriously challenged, and it has been shown that in certain
situations it is possible to manage dairy herds very successfully
without recourse to a ration of roots.
This revelation is as yet too new to allow any reliable estimate
to be formed as to the extent of its application, but it is reasonable
to eXpect it to reduce the area under mangolds in places where the
crop has no important secondary function as a cleaning agent.
le Critical Stage in #26 Growing of[Mango/d:
The characteristics of the mangold as a cropping plant are well
marked. It is deep rooted and capable when once established of
drawing its water supply from deep down in the soil, and it is a
gross feeder which answers very well to generous treatment.
Springing as it does from a very small seed, it is delicate in its
early life and is not capable at that stage of competing unassisted
with strong and quick-growing weed species. The most critical
period of its growth commences immediately after germination, while
the first roots have still to make their way down to an adequate
water supply, and it leads a more or less precarious existence till the
immediate after-effects of the process of singling have passed away.
It is the grower's business to suit his operations to the character-
istics of his cr0p, and bearing this in mind it would appear that
there is an excellent case for deep ploughing or subsoiling in pre-
paration for the crop. Unfortunately these operations are expensive,
and most mangold growers are not in a position to spend an extra
thirty shillings per acre on their crop without some very definite
prOSpect of an adequate return.
There is very little experimental evidence in support of sub-
soiling as a general pracrice, and, save in cases where a definite pan
is found which hinders the free drainage of the top soil, it may be
difficult to justify the extra expense involved by the operation.
The delicacy of the plant in its earliest and most critical period
of growth suggests at once that it should be sown not too deeply
on a fine and firm seed bed which is moist. This requirement is
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simple enough in itself, but it is often very difficult to obtain the
conditions outlined and at the same time to take advantage of the
season of spring cleaning before the crop is sown.
When the root shift comes round to any field most farmers find
that they have weeds to kill on it, and even when an early harvest
and a dry autumn allows this work to be commenced in good time
much remains to be done in the spring. It happens only too often
that a thorough spring cleaning leads to a dried-out seed bed and
a partial failure of mangold plant. Where farmyard manure is
applied in a dry spring, either on the flat or under the ridge, this
risk is enhanced. No doubt the ideal to be aimed at in preparing
for mangolds, in the drier parts of the country, is to have all the
deep and heavy work and the organic manuring completed by mid-
February, and to confine Operations after that date to mere stirrings
and rollings of the surface to obtain an adequate surface tilth for
the seed. It is unfortunate that the vagaries of season and the
accumulation of weeds of various kinds sometimes make it difficult
to keep at all close to this plan of action in those districts where it
would be most effective.
The incapacity of the young mangolds to deal faithfully with
vigorous competitors for light and moisture is the next characteristic
which the farmer must consider. He must be prepared to bring
assistance to his crop at the earliest possible moment, and for this
reason alone there is much to be said for the practice of growing
the crop on ridges. It is possible to get the hoes to work in a
ridged crop as soon as need be without fear of destroying rows of
mangolds; while on the flat, even when the cereals are sown with
the roots as indicators, an appreciable time must elapse before the
rows are strong enough to serve as guides to the horse-hoers.
The mangold plants require a great deal of light, space and
moisture for their free development, and it is only in the very
earliest stages that they can live crowded together in the rows
without damage to their ultimate prospects. Early singling or at
least early bunching is an operation of great importance, and delay
in this operation probably shares, with faulty and deep sowing, the
blame for most of the failures of the crop.
It is nearly always difficult to keep the work of hand-hoeing up
to date, and it is curious that more use has not been made of the
various types of horse—drawn gapping and bunching machines which
are on the market. In the spring of 192 3 a strike of agricultural
labourers occurred in Norfolk and lasted about six weeks. One
of the effects of it was to disturb the working time-tables of most
farms, and a number of people found themselves faced with the
prospect of being unable to get their root crops hoed and singled
before they were spoiled. Under these circumstances such horse-
drawn bunching machines as could be obtained locally were put
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into use and several of them did excellent work. An observation
taken at the time showed that with a crop of mangolds on light
land, sown in flat rows 24 in. apart, the speed of working was
4°53 acres per day. The work was regular in depth and the
subsequent singling out of the bunches was rendered very easy.
Once the stage of singling has been passed and the young plants
are growing on freely under improved conditions the really critical
stage of the crop is passed. Regular hoeings are generally con-
sidered to be beneficial as long as the horses and implements can
pass through the rows without damaging the plants.
Nitrogenous top-dressings may do much to help on the plants
or to develop a quick growth of leaf in the face of such attacking
pests as the mangold fly or the leaf-miner grub, but these things,
though they may affect the yield materially, do not generally affect
the actual existence of the plants as do the earlier operations already
mentioned.
Some Point: in tbe Culture of Sugar—Beet
Many of the points stressed in the growing of mangolds are of at
least equal importance with sugar-beet, but it is to be remembered that
as the use and the price per ton of the two crops vary very widely,
so must the grower's regard for the points at issue be modified.
With mangolds the chief consideration is the weight of roots
per acre which can be produced for the feeding of his own or some-
one else's stock. With sugar-beet the critical figure is found in
the amount of sugar per acre which can be grown and sent to the
factory.
The quality factor in the crop assumes an added importance, as
it comes to have a direct cash value, and the grower is brought to
consider his operations from a different point of view.
In the first place the question of subsoiling as a preparation for
the crop assumes a new aspect and the arguments in favour of it
become more cogent. As the return to be expected is greater so
the outlay that can be afforded may be increased, and the thirty
shillings per acre which seemed prohibitive with the low-priced crop
appears more reasonable with the sugar-beet. Further, the nature
of the sugar-beet itself lends force to the arguments in favour of it
on all but the deepest and loosest soils.
The root which it is desired to grow is long and tapering and
almost entirely subterranean. It is free of branches or "fangs"
which, when trimmed off in the field or at the factory, lead to a
loss both of weight and of sugar content. It seems certain that
the free and quick growth of the deep-rooting system of a plant
which requires a great deal of moisture for transpiration during its
life must be encouraged by the thorough breaking of the subsoil by
mechanical means.
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This supposition finds ample support in the practice of most of
the more advanced sugar-growing countries, and subsoiling or deep
ploughing, 12 to 13 in., has become, in many cases, a matter of routine
in preparation for the crop.
The question of the time of application of the farmyard manure
and its nature also has some bearing upon this point of form and
quality in the root, for it has been found that late applications of
dung, or the use of it in a long or ill-rotted state, may lead to that
forking and branching which it is desired to avoid. For this reason,
as well as in order to avoid the danger of drying out the seed bed,
winter applications of dung, 12 to 13 tons per acre, are generally
recommended.
Seeding
The sugar-beet seed is almost exactly like that of the mangold,
and equal care in the preparation of a bed for it is required. Under
ordinary conditions the ultimate yield of sugar per acre will depend
more upon the number of roots grown than upon either the size
of individual roots or the percentage of sugar in them. It is there-
fore particularly important to obtain a close and even plant over
the whole area under the crop. In order to do this it has become
the practice in some Continental countries to place the rows very
close together and to use a very large seeding. Rows 14 in. apart
and seedings up to 25 and 30 lb. per acre are found in Holland
and parts of Germany. In the matter of the heavy seeding it is
often argued that if 7 or 8 lb. of mangold seed per acre will give
a thick plant which requires drastic singling, a great part of the
15 to 20 lb. recommended for sugar-beet must be wasted. It is
certainly true that the 7 to 8 lb. seeding can, under good con-
ditions, produce enough plants per acre for a good sugar-beet crop,
but the conditions are so often not good and the importance of
securing a "tight plant" is so great that the extra seed may be
regarded as a measure of precaution which costs the grower some
7d. or 8d. per lb.
The use of very narrow rows is a matter which demands separate
consideration, for a great deal of the subsequent cost and manage-
ment of the crop must depend on the decision. The recommendation
to use them comes from countries where the problem of securing
good manual labour on the land is not the same as in this country.
Where hand labour is plentiful and cheap it is probable that the
benefit to be derived from growing the roots as close together as
possible may outweigh the additional expenses of seeding, hoeing
and harvesting. In England agricultural labour is neither plentiful
nor cheap, and it is often practically impossible to obtain and house
extra hands in rural districts.
Perhaps at some future time, when the sugar-growing industry
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is more firmly established, it will be possible to erect standing
camps and barracks for the imported hoeing and harvest hands,
as is done for hop and fruit gatherers in some districts, but
at present there is no more than a bare indication of this
development.
Under the existing conditions it seems that we cannot afford
to replace horses with men, and if the narrow rows involve this
change then we have very good reason for not using them. In
many districts farmers are growing sugar-beet with the same opera-
tions and at the same distances as they have grown other roots for
years past. This enables them to produce a new crop without extra
implements and with the assurance that the men will be able to
handle the operations easily. There can be no reasonable doubt
but that the crop requires closer spacing than our other root cr0ps,
and a measure of this can be obtained without sacrifice of time and
labour-saving machinery.
Rows 18 to 20 in. apart, with the roots 10 in. apart in the
row, allow the ordinary operations of horse-hoeing to be carried
through cleanly and punctually, and at the same time permit of a
root population of about 34,600 per acre, which under good
conditions is equivalent to a crop for sale of 12 to 13 tons per
acre.
It is possible that with the very high price of beet obtained
during the past year or two, and which will be continued for this
year, the strict economies of cultivation may lose some of their
point, but it is to be remembered that this high price is due in part
to a temporary subsidy paid by the Government to the factories.
In a definite time this subsidy will shrink and disappear, leaving the
industry to fight its own battles in the world markets.
The present period is necessarily one in which the position and
technique of both the growers and the factories must be built up
and strengthened, and it is important that only those methods which
are recognised as being the most efficient and most economical shall
survive to the era of open competition.
Sugar-beet are generally grown on the flat, but quite a number
of new growers in this country who have been used to growing
other roots on the ridge, and who appreciate the advantage in
cleaning which this method gives them, are inclined to challenge
the established practice. There does not seem to be any very
reliable experimental evidence to support either method as against
the other, though it is said that to carry the maximum content of
sugar the root should be as much underground as possible. If
this is true, it would appear that the advantage must lie with the
practice of sowing on the flat.
The actual process of drilling is a critical one, as it is very
important that the seed bed should be fine and that the seed should
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not be buried too deeply. The seed rates already mentioned,
I 5 to 30 1b., are below those found in many Continental districts,
but even so there may be some considerable difficulty in getting
on the required amount of seed per acre with the drills commonly
found in this country.
There are various special drills coming on to the market now
that the crop is becoming an important one, but with a little modi-
fication of the size of its cups and some alteration of gearing an
ordinary " flat-work" turnip drill can generally be made to do the
work. A common type of sugar-beet drill used in Germany is
nearly 14 ft. long, and will cover eight or nine rows at a time.
Behind each seed-spout of this machine follows an iron presser-wheel
which serves to push the seed down 7},- to g in. on to a firm bed.
Great importance is attached to this firm planting, and thorough
rolling of the rows immediately after sowing is generally to be
recommended. The practice of sowing a little barley with the
beet seed in order to get early definition of the rows is common
in Germany and works well in England.
Hating, Rolling, Bumbing am] Sing/i/zg
The exact sequence of operations must depend upon the soil
and the season, and it may be necessary to frame the programme
either to conserve moisture in the soil or to draw it up to the seeds
at the surface.
In some places—for example, Silesia—great value is placed upon
very early hoeing, and where there is a delay in the appearance of
the beet " blind hoeing" is practised.
Whatever the wisdom of this may be, it is certain that all the
best growers use their hoeing implements freely whenever oppor-
tunity offers, and continue the work until quite late in the growth
of the cr0p.
There are various kinds of special horse-hoes for sugar-beet
now coming on to the market, but good and close work can be
done with the existing tools if they are fitted with suitable hoe-
blades and are carefully set. The Danish type of horse-hoe, which
has a disc to run beside and protect the young plants, is very well
suited to the early work with sugar-beet.
Bunching, which is accomplished with a heavy hand-hoe 8 to
Io in. wide, should take place as soon as the young plants form
definite and continuous rows. Care must be taken that the hoe
stroke is deep enough to destroy the unwanted plants and generally
it should not be less than 1% in. The work requires care and close
supervision, especially in districts where the men have not had much
experience of root hoeing.
Singling, which follows the bunching, should begin as soon as the
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young plants have four leaves (Table 1]., p. 33). It is a very critical
operation both in point of time and in the care which is required in
it. The young plants in the bunches tend to twine together, and
the longer they are left the more difficult becomes the task of dis-
entangling them. Singling cannot be done really well with the
hoe alone, it requires the fingers and meticulous care. The best
plant of each bunch should be selected and held down firmly in the
ground with one hand while the remaining plants are removed with
the other.
When singling has been really well done the plants should be
left evenly spaced in the rows (8 to Io in. apart) and so well planted
that the shock of the drastic operation through which they have
passed is reduced to a minimum.
Singling may be followed immediately by rolling to restore the
firmness of the top soil round the plants, and the hoes should be
busy again without unnecessary delay. Hoeing, both with drawn
hoes and with hand tools, is continued until the leaves of the cr0p
'
form complete land cover, and some damage to the crop is some-
times excused on the ground that the benefits arising from the
hoeing will more than make up for it.
Mnaming of Sugar-Bret
Although a great deal of research work has been done on the
Continent in ascertaining the manurial requirements of the sugar-
beet, there is practically no experimental evidence which has a direct
bearing in this country. There is work in hand at the present time
at Woburn which is designed to tell us something of the action of
nitrogen and potash upon yield and sugar content. Somewhat
similar work has been carried out by the Norfolk Agricultural
Station in the past two years, and there is a scheme in being for a
co—ordination of plans of experiment in several counties.
The results so far obtained require confirmation before they can
be considered as being really reliable, but in the main they agree
with the recommendations made to growers in Germany.
Further investigation is required into the relative values of farm-
yard and green manure for sugar-beet, and there is much to be done
in following up the action of potash in the plant and its influence
upon the gross yield and the sugar percentage. From the work
already done it appears that sulphate of ammonia and nitrate of soda
in quantities above 3 cwt. per acre may cause a small reduction in
the percentage of sugar in the individual roots, but this tends to
be outweighed by the increase in yield of roots and in the sugar
per acre.
A great many English growers give their sugar-beet the same
dressings as their mangolds or potatoes, and successful crops have
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been produced in this way. Both mangolds and potatoes are potash-
loving plants and answer well to large doses of the various potash
salts, but it is by no means certain that the sugar-beet is equally
responsive to heavy potash dressings.
Sugar-Beet a: a Forage Crop (Table III)
The forage value of sugar-beet is found in the by-products.
These are the tops, the extracted pulp and the beet molasses.
The tops consist not only of the leaves but also of the upper part of
the root down to the lowest leaf bud. They weigh from 5 to 10 tons
per acre and form a very valuable feeding stuff available for nearly
all classes of stock. They are sometimes fed fresh in the field but
are more often made into silage in large pits.
The pulp straight from the factory is a valuable cattle food, and
is used extensively all over Europe for both fattening and milking
stock. Unfortunately it is heavy and bulky to handle, and is not
easily conveyed from the factory to the more distant farms. In this
country all the factories have drying plants, and the pulp is dried
out before it is sold back to the growers or is put on the general
market.
Under many contracts the grower has the option on a weight
of dried pulp equal to 5 per cent. of his root deliveries. The
price to growers at the present time is about £5 per ton.
A comparison between the ordinary root crops—swedes and
mangolds—and " dried sugar-beet slices" was made at the Norfolk
Agricultural Station in the years 1909 and I 910. Two yards of
fattening bullocks were fed on identical rations with the exception
that one lot received the ordinary ration of roots and the other a
calculated quantity of dried slices which had been soaked in water
the night before. The results obtained were remarkably consistent
and showed that for the purpose in question 14 lb. of dried pulp
were equal to I cwt. of mangolds.
TABLE I
SUGAR-BERT AREAS IN ENGLAND
Tear Acres
1920 . . . . . 3,017
1921 . . . . . 8,333
1922 . . . . . 8,400
1923 . . . . . 16,920
1924 . . . . . 22,440
1925 . . . . . 58,700
1926 . . . . . 128,000 (estimate)
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TABLE II
A GERMAN EXPERIMENT
Time q/'Singling 1"le in Tom
At the proper time . . . . . . I 5°0
One week later . . .
. . . I 3° 5
Two weeks later . . . .
. . 10-0
Three weeks later . . .
. .
. 7°0
TABLE III
S U GAR-BRET BY-PROD UCTS
Comtitution
_
.....
l .
Su tar-Beet Su tar-Beet l
l 87.0?! i g1,"I]: % Mangold: SQUC'ICI
*
-__-
___...._
-7
_ e
'
I
Crude protein . . 17°41 10°43 i 8°25 10°01
 Oil. . . . 2°32 j 0-70 ' 0-35 I, [.54
Fibre . . . 8-27 ; 20°01 ' 5°84 ; 9°24
 
 
Carbohydrate . . 5 I '37
'
64°86 1 79°12 1 73°82Ash . . . 18°03 ; 4°00 4 5°84 j 5°39
Earth . . . 2°10
'
'
,
.
Moisture . .
. 83-9 ' 84-8 1 89-3 ? 88-5
' I
THE DISCUSSION
LORD BLEDISLOE, Chairman of the Conference, speaking in dis-
cussion, said that with reference to the matter of the early sowing
of swedes mentioned by Mr Carr, his own recent experience showed
that swedes sown very early in Gloucestershire suffered badly from
mildew.
In the matter of varieties he was interested to observe that the
Danish swede, Bangholm, had done so well both in total yield and
in yield of dry matter in the trials at Aberdeen, Edinburgh and
Glasgow.
Concerning marrow-stem kale he had found that it is an ex-
cellent food for pigs, and he considered that for this class of stock
it is second only to lucerne. His own kale crop had stood the
severe frosts of last winter without damage.
Mr CRAWFORD was anxious to know how the dressings ofartificials
which had been put forward compared with dung when measured
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in the later crops. He had some fear that continued heavy dressings
of artificials might lead to the occurrence of such troubles as acidity
in the soil, which would more than counteract the good done by the
manures themselves.
Mr HUNTER SMITH said that he had some curiosity as to how the
yields mentioned in Mr Carr's paper had been measured. During
the last year he had been examining the matter of the measurement
of yields of root crops at the Oaklands Institute of the Hertfordshirc
County Council. An area of marrow-stem kale carrying what
appeared to be a good crop was submitted to the inspection of
farmers and land valuers.
The farmers estimated the yield as anything up to 40 tons per
acre and the valuers placed it very much higher. One acre of the
crop was harvested in eighty equal plots, each of which was carefully
weighed. The weighings showed that the yields varied between
9 and 28 tons per acre, with an average of 21 tons and a probable
error of 3 per cent. A similar experiment was made with some
mangolds, which yielded on the average 20 tons to the acre, with
a probable error of 2; per cent. In this case the visiting farmers'
estimate was 30 tons to the acre.
It was obvious from the great error of the estimates and from
the wide spread between the extremes on the kale plots that any
single measurement of the yields would be misleading. Using the
kale and mangold crops in feeding experiments at Oaklands it had
been found that weight per weight they varied in feeding value as
10 : I 3 in favour of the marrow-stem kale.
Mr J. PORTER said that his own experience with a three years'
ley agreed with that of Mr Carr, and that he had found it excellent
for cleaning the land, for supplementing dung, and for improving
the mechanical condition of the soil.
Concerning the choice of phosphatic manures for swedes, he
had found that superphosphate tends to bring the crop earlier to
the hoe than do mineral phosphates, and therefore helps forward
maturity and makes it easier to get the land clear in time to plant
corn. Where it is desired to fold sheep on the roots there is much
to be said for the use of basic slag, which, in his opinion, tends to
keep the tops green for a longer period. He thought that a mixture
of slag and superphosphate is generally more effective than either
one or other by itself. On sour light land on Herefordshire slag
has been found to be superior to superphosphate both as regards
the total yield of the crop and the quality of the roots.
Mr S. F. ARMSTRONG observed that in some parts of the Eastern
counties the early cutting out of swedes is considered to be danger-
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ous on account of damage that may be done by turnip-fly when the
young plants are thinned out and temporarily checked in growth.
With regard to the use of artificials, he thought that a good
deal must depend upon the time of application, and he was anxious
to hear of the results of any experiments bearing on this point.
Mr W. A. CARR in reply to Lord Bledisloe said (a) that in his
experience in the North-east of Scotland and Cheshire dung was
always put to swedes because it was available and was most easily
disposed of in this manner. Of course the crop can be grown
successfully without dung where supplies of it are difficult to obtain.
([2) That the smoky atmOSphere in the industrial districts round
Manchester is actively harmful to the soil, whichtends to become
strongly acid under its influence.
In reply to Mr Crawford he said that in North-east Scotland
most of the soil is notably deficient in lime, and practically no extra
lime is added by the farmers. Despite this, very large doses of
superphosphate and sulphate of ammonia are used there from year
to year without the occurrence of any harmful results due to acidity
or bad soil texture. Good clovers of both the red and wild white
types are grown on land treated in this way.
In the matter of early singling he maintained his position, but
agreed with Mr Armstrong that there is strong counter-opinion
founded on the fact that the turnip-fly sometimes destroys a large
proportion of the young plants and that late singling gives the
farmer a greater number of survivors to choose from when the rough
leaf stage is thoroughly established and the fly danger overpast.
Mr BOND said that in regard to the future of sugar-beet growing
he feared there is some ground for apprehension. He understood
that there is something like 1,000,000 tons of sugar at present
lying in the docks and that it can be bought wholesale at very low
rates. A Ministry of Agriculture publication has shown that the
average cost of growing sugar-beet recently on some six hundred
acres of land on many different farms was something like £23 per
acre. Such great outlay can only be justified if a high price per
ton for beet can be maintained.
He agreed with Mr Heigham in that there is practically no
experimental evidence in support of the practice of subsoiling, but
he had yet to be convinced that late horse-hoeing is not calculated
to do more harm than good to the root plants.
His own experience confirmed the recommendation of a really
firm seed bed for mangolds, and he had found that it is generally
easier to obtain this on the ridge than on the flat.
Referring to the whole subject of home-grown fodder crops, he
quoted a case where a cr0p of marrow-stem kale had obviated the
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purchase of other feeding stuffs to eke out the late summer grass.
Further, he had found that on a farm on which costing accounts
were kept under the Derbyshire County Council scheme it had
been possible to produce home-grown food at just half the price of
the equivalent in purchased concentrates.
Mr STEWART considered that the system outlined in Mr Brown's
paper is too expensive, too complex, and is unnecessary. With the
aid of marrow-stem kale, mangolds and lucerne, a skilled farmer can
make the most of his grass without recourse to a soiling system.
The mixed straw of the ripened fodder crops is very coarse and
hard, and its feeding value is therefore low. Mixed forage is
extremely difficult to make into hay even in a good season, and the
fully ripened crops are far more difficult to win than any pure
cereal crop. He considered that it is generally more profitable to
grow an ordinary corn crop for sale in the market.
Mr CARR had found that mixed fodder crops are of little use in
Cheshire, as they nearly always go down long before they reach the
green yield of 20 tons per acre claimed by Mr Brown. He found
that for hay he can get better results with Italian rye-grass than
with mixtures of peas and oats. He had not been very successful
in obtaining the smother-effect with the mixed crops. After grow-
ing them for four successive years on the same light land the weeds
were still strongly in evidence. This same piece of land was put
down to grass along with another bit which had carried roots, and
the grass seeding did better on the latter.
He was able to confirm Mr Brown's claim that the cereals in a
mixed crop appear to be more vigorous than when grown alone.
He thought that on the average they may be 6 in. higher, but
unfortunately he had not been able to compare any grain yields of
plants under the two conditions.
Mr EDEN said that on an East Anglian farm which was included
in the Ministry's scheme for the costing of sugar-beet he had
observed that where dung was used a cash loss had been made
upon the crop. This fact appeared to have serious bearing upon
the question of the economic manuring of the sugar-beet crop, and
he was anxious to know if a similar state of things is found on
many other farms.
Mr HEIGHAM replying to Mr Porter said that he had encountered
the practice of soaking sugar-beet seed in water before sowing,
both on the Continent and in this country. He could not say
definitely that it is always advantageous, as in the event of very
dry conditions following upon the quick germination of the wetted
seed there is likely to be a heavy mortality among the young plants.
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Concerning the use of wheeled hoes in order to economise hand
labour, he knew the Planet Junior type and had it in use on the
Rothamsted farm, but he had not used it as yet on a sugar-beet
crop.
Answering Mr Eden, he said that the loss on a crop following
the use of farmyard manure generally depends very much on the
cost of making the manure. This is a very complicated question
in itself which cannot be dealt with extempore. Sugar-beet, like
many other cmps, can be grown quite well on land in good heart
without the use of dung, but any system of arable farming without
organic manure is n0t calculated to produce good results over a
period of years.
Mr BROWN in reply to his various critics said that the whole
reason for such a system of cropping as he had outlined is that
ordinary four-course farming with its high proportion of expensively
grown cereal crops does nor pay under modern conditions. Corn
taken after a three years' ley or two years of smother crap is far
more cheaply produced per bushel and can be grown at a profit.
Mixed corn is nearly always more productive than a pure cereal
crop and reckoned as starch equivalent; it makes a very cheap food
for most classes of stock.
It is true that mixed crops take long to dry in the field, but
they are very resistant to bad conditions and can survive weather-
ing which will ruin pure crops. Pea and oat hay if cut early and at
its best is certainly difficult to make, but it is valuable enough to be
worth some trouble.
'
He agreed with Mr Carr that in the wetter districts, and where
forage crops tend to lodge early in their growth, Italian rye—grass
may produce exceptionally good results.
Answering Mr Fishwick, he said that in order to obtain forage
crops in August and September when the grass is failing, marrow-
stem kale can be sown early in the spring and top-dressed with
nitrogen. In order to ensure for it an even better start the cmp
can be sown in a seed bed in autumn and planted out in the spring.
In dealing with autumn-sown kale considerable care is necessary in
the selection of the strains, as these may differ widely in their liability
to bolt and their winter hardiness.
With regard to the effect of smother crops in overcoming
"twitch," he said in reply to Mr Porter that at Harper Adams
College almost perfeCt smOthering was obtained, but that it is not
always so good in other places and in all seasons. He suggested
that deep ploughing followed by a quick seeding of a smother crop
is, on most soils, a good method of dealing with the weed. He
maintained strongly that, sown on a clean field, a succession of mixed
smother craps will serve to keep the land clean.
SUMMARY OF POINTS
BY C. HEIGHAM, M.A., AND H. V. GARNER, M.A., B.SC.
Rotbamrled Experimental Station
(I) Craprfor Stork Feeding—The present trend of English farm-
ing favours the development of stock husbandry of various kinds,
and the traditional crops of cereals for direct sale are therefore
declining in economic importance.
(2) In arranging systems of cropping for the feeding of live
stock it is important that the probable yield of dry matter per
acre be kept in view.
(3) Crops of swedes, mangolds, marrow-stem kale, various
forms of arable hay and mixed fodder crops of pulses and cereals
may all yield considerably more dry matter per acre than do the
standard cereals.
(4) Home-grown feeding stuffs can be produced at a price per
pound of starch equivalent which is well below that paid for
purchased materials.
(5) By the use of well-made arable hay, some roots and kale,
and meal from the grain of heavy-yielding mixed crops of pulses
and cereals, the farm bill for concentrated foods may be greatly
reduced without a corresponding fall in output.
(6) The by-products of the sugar-beet in the forms of tops
and extracted pulp give many tons per acre of valuable stock food
which, if well used, may greatly increase the value of the crop
on the farm.
(7) The area under the older crops, such as mangolds and
swedes, tends to decrease as kale and ensilage cr0ps gain in
popularity and as they are replaced with sugar-beet, which has
both a cash and a fallow value. Recently it has been found
possible to conduct some types of dairy farming very successfully
without heavy rations of roots, but it is not yet clear how far this
practice may develop, particularly in those arable districts where
the secondary or cleaning function of the root crop is of great
Importance.
(8) Fodder crops are generally less reliable in yield than are
cereals, and complete failures are not uncommon. Such failures
may be extremely serious, as the supply of food for the stock of
the farm depends upon these crops. Prudence suggests that an
ample acreage of the fodder crops be grown in each year as an
insurance against a bad season, though in a bountiful one this
policy may lead to what appears to be some waste of crop.
(9) Manuring of Fodder Crop:.——Swedes, turnips and mixture
crops may be grown successfully without farmyard manure and
with artificials, or with farmyard manure and without artificials. In
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England it is generally not worth while to use both together with
these crops.
(10) Mangolds and kale require farmyard manure as well as
artificials if the best returns are to be obtained. In the absence
of adequate supplies of farmyard manure some encouraging results
have been obtained with town refuse and with composts made from
waste straw, cavings and other organic rubbish.
'
(I I) lepbatic Fertilirerr.—Swedes and turnips generally respond
particularly well to dressings of phosphates, and of the phosphatic
manures in common use superphosphate is generally the most
effective for these crops.
(12) Basic slag has some advantage over superphosphate on
land where " finger-and-toe" is known to be prevalent. In using
basic slag it is well to remember that the high soluble slags
generally produce better results than the low soluble ones, even
when the latter are very finely ground.
(13) There is no experimental evidence either at Rothamsted or
Woburn to show that superphosphate makes the soil acid.
(14) Mineral phosphates finely ground have given good results
in Scotland and the North of England where the seasons are cold
and moist.
(I 5) Nitrogenour Ferti/irerr. —Adequate supplies of nitrogen
are required by the succulent f der crops, and applications of the
ordinary nitrogenous manure sal give more consistent results than
do other fertilisers. In most se ons an application of I cwt. per
acre of sulphate of ammonia will {I've an increase of I ton per acre
of swedes.
,
(I6) Sulphate of ammonia with the seed and top-dressings of
nitrate of soda or nitrate of lime give satisfactory increases with
the mangold and kale crops.
( 17) There is very little experimental evidence to show the best
time for applying top-dressings to root crops, but practical experience
suggests that this may be directly after singling.(18) Potam'c Fertiliren.——Applications of potash produce particu-
larly good results with mangolds. Thirty per cent. potash salts, kainit
and muriate of potash have all been used with good effect, and it
is uncertain which of them is the best. The two former contain
common salt, which is said to be very effective on root crops in
some districts.
(19) Potassic fertilisers should be used in balance with nitrogen-
ous manures. With each hundredweight of sulphate of ammonia
or nitrate of soda given to the mangolds 2 cwt. of kainit or 1 cwt.
of muriate of potash should be applied. Without this balance the
plant is likely to be unhealthy and may lose some of its feeding
value.
(20) Cultivation 9f Fodder Graph—With all the root crops the
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production of a seed bed which is at once fine, firm and moist is of
the utmost importance. Free use of the roller both before and after
seeding is to be recommended.
(21) There is little good evidence of profitable increases of crop
obtained through subsoiling except in cases where a definite and
impermeable " pan" has been broken up. The case of the sugar-
beet crop deserves special consideration, as both the yield and quality
of the roots depend to an unusual degree upon easy penetration of
the soil to a considerable depth.
(22) Loss of moisture in the top soil when preparing a seed bed
is a common cause for failure of plant in root crops. This may be
avoided to some extent by ensuring that all the deeper working is
done in the autumn and winter.
(23) Great importance is attached to the time of singling root
crops. Sugar-beet and mangolds should be singled as soon as the
young plants show four good leaves. With swedes, singling should
begin as soon as the development of the " rough leaf" is sufficient
to ensure that the full risk of attack by turnip-fly is past.
(24) The hoeing of roots should begin before the weeds appear,
when it can be carried through quickly and easily. If this is done
the danger arising from the competition of strong growing weed
species in the weak and early stages of the crop will disappear.
( 2 5) The growing of roots on the ridge facilitates early hoeing
and is said to make easier the desired compacting of the seed bed.
(26) Early seeding has often been found to be one of the main
factors of success with swedes, turnips and mangolds. Delays at
sowing time, even when they allow extra cultivations to be carried
through before drilling, may prevent the establishment of a strong
and even plant, and so have a very serious effect upon the ultimate
yield of the crop.
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ESSENTIAL BOOKS FOR THE FARMER
ACTUAL FARMING
ITS PROCESSES AND PRACTICE
By w. J. MALDEN
VOL. I. THE FARM: ITS NATURE {9° TREATMENT 17/6
VOL. 2. CROPPINGS, PASTURES {9' WEEDS 21/-
VOL. 3. LIVESTOCK, LABOUR 59° MARKETING 17/6
The set of three volumes £2, 10s.
This is the most directly practical book on farming ever written.
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ROTHAMSTED EXPERIMENTS ONTHE MANURING OF FODDER CROPS
Br Srn JOHN RUSSELL
Dircctor of tltc Rotl)anltcd .Exy'cr;nc,rtal Station
Foooer.. crops stand out in marked contrast to cereals like wheat
aod bartey grown for direct human consumptioD. In the first olacethey are o[ grearer value and importance tL tn" f"ir"r, il-r-Ii;j;trve srock-rhe most valuable parr of his possessioni _deoends
upon them, and he is bouod to have sufficient to see the'verrthroug_h. Secoodly, some fodder crops, cspeciallf s;";;;.;;; r1;;;depeodent on climatic condirioos than cereals, and thev are there-lore subJect to greater fluctuations in yield. Thus the vields of
some ofour fully maoured crops ar Rorhamst"a f,""" U"*i----- -'
n.A yr itt.
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Not only_. do the yields vary but also the re$ponse to manure.A scheme ot treatmeDt suitable for the Southern couoties wouldbe inappropriate in the cooler North or tt 
" 
*"t,". W""t.';;;;
important dillerence from cereals is that fodder *"p. a.-"", i"f"r"i"
starvatioo conditions as for instance wiJl wheat,' S*;", ;;;;;ou unmanured laad at Rothamsted are hardly re.oqnisaUte.'buin;little larger than- radishes, and yielding 
"'f"; h';;;.;;";;;,:per acre only i rvhile wheat without mai-ure on equally ,"r. i;;;gives a good plant quite normal io appearance 
"",i Jiiiai"n r-iordtnary crops only in irs poorer tilleringi the yicld is on i-y one-third rhat of England and Wales.
So far as manuring is concerned, fodder crops fall into twoI Plot zN receirirrg d-ulg anrl c.rnplete ani6cials, including nitrate ,oda.
- t ne r92S ).retds oi cereah are not directly comparableirirh rho.t ol earlier)eers, as they rer<ivtJ rather rrror. ,,itr"gerr"u, iinil;,'.n.
.{2
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classes according as they can or cannot be growo pr-ofitably without;;;;;J-;;;;;"' Th'e first class iocludJes swedes, turnips and
i.Jlli ,"i*,r."t ; the second includes mangolds, cabbag.e^and kale'
Qr'2 6 [.-$7u7/2s.-Swedes can be grown with artlhctals alone-
or with'farmvard manure alone, but rhroughout England south ot
the Humber, aod indeed probably south of the Tyne, there is no
advantase in usioc both. 
-The farmer must decide which to use'
""a 
ii f,? ir short "of farmyard manure he will probably 6.nd it better
to use arrificials, applying the farmyard manure to somethlnS, else'
Of arti6cial fertilisers for swedes, the most imPortantrs rhotpbatc'
esoeciallv rvhere yields are likely to be low' Srriking increases in
;;;; h;;'" been o6tained on some soils by the use of superphosphate
"n,i basi. slag-for example by I'rofessor 
Scott Robertson in the
""r,fr Jl."li"a, "nd occision"lly by 
others in England: Mr--Carr
records a Cheshire iostance. But if the land is in good cotrditron'
ia t, h;;' ."c"ir",l aung, or if the seasoa be favourable to 
-good
,r..r*if.r. ,t otoh"t"t rnu'v h"o" but little eftect on yield' This is
i"tt r"",i in 'contrasting the poor year rgzo with the good ones
tg22 ard tg24. Our yields of swedes in tons per acre were:
No artificials
No phosphate, but onlY sulPhate of
potash and sulPhate of ammonia
Phosphate (slag, r9u z, or suPer, t924'
in addition)
r9I3 r 92o
GooJ Teart
t922 1924
25'2 r7'3
28'r r9'r
t9'o zo'6
J]
6'4 9'3
86 16'3
In t92o the superphosphate (zI cwt' per acre;.iocreased the
crop by no less thau 7 toos Pcr acre and converted the small croP
;,f-5 iit;; inio ,tt" u..v usehul one of t6'3 tons, but in.neither of
thJ s-ood vear. did even the complete maoure add more thao 4 toos
;;;:";;; i" the vield, and of tiris the phosphate contributed.but
iittlei the slag give an extra ton per acre, and 3+ cwt' suPerPhos-
ohate increasid the yield only by 3o cwt. Per acre-not a very
'o.ofitable proposition. llut on the other hand the results ot-1913
Ii"* -it 
",' 
.,ir"tohosphate does not act equally well in al[-bad
seasons: in tg;o ihe badness had been due to cold, sunlcss weather;
i"-i"it i, *"', du" ,o tlrought, an,.l against drought neithe-r super-
oh,r*h-ote oor atry other fertiliser avails much' If we could Predlct
ii; 
":;;;;;; s(ould recommend dressings of 
supe-rpho-sphate for
a cold. poot-growiog serson and little or no manuring tor a goog
""".or'6, a iear ofdrought. But prediction 
is not Possible, and
the ouestion arises whethei the farmer had betrer PrePare tor the
*rrri .i rr.p" for the best. Otre year iu four does not seem much
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for a strikiug result, especially when in the intervenins vears hegets only one or two tons of swedes for his dressins"o? suoer-phosphate. But his live stock is at stake; and as he"*ould'be
hopelessly caught out if he were without keep in a bad season, itis wisest to prepare always for years like rqio rather than hope
tor seasons like r9z:. A fertiliser that increises the viekl in a bid
season, when food is most needed, is worth a good deal to the farmer
and can 
-be forgiven if it fails to give much" increase in a year ofgood yields, when he has already as many roots as he wants.'
Bur there is anorher reason for giving phosphates to fl<rdder
crops: they briog about an improve-menr" iri quilitv. This is a
matter of experience rather than of direct trial i rhe test is nor
easy to carry out. But there is good reason ro believe that fodder
crops well supplied with phosphate gain in nutritive yalue: thc
herbage of good fatting grass on Romney Marsh has been shown
i *:,.1"Tr,!g ro co.atain m.ore phosphates ihan herbage of adjoiningnelos that \ylll not tatten sheeD.
, .Farmers generally recogni'se the need for giving phosphates rotheir swedes, tru-t they are oot always so sure ivhat"particriar form
of 
_phosphate is besr. Until recently there were thiee possibilities
only: s-uperphosphate, bones, and siag. Of tt"r",,rp,jrpnorpf,"i"gives the best results at Rothamstedl and probabiy li niost lttr".
places also. The yield of swedes in tons per acre was:
No Pto+lzte Superltorltate Batn Sbg Ba,le tuIetal
r6'7
7'4
8.6
I r9o8I t9t3'
I4.T
6'4
9'3
t6'9
8.6
t6'3
r 3'8
6-6
r 5'8I r92o
. 
Slperphosphate- has also the advantage that it qenerally hastens
the.development of the loung plant soihat it is iooner L;; i;,
hoerog i ln some seasons this is a great advantage. There' are,however, instances where basic slag"proved U.r,,-rrurtiv oo tuoi
subject to fnger-and-toe, a diseasi ihat does n", ,."oirt" or--uiRothamsred. A,s.a rule.the high soluble slag tu, pr"u"J U"it".than the iow soluble, and it does tot appear -hat the low soluble
slagjs im.proved by fioer grinding.
t'ear ts sometimes expressed that superphosphate mav make thc
soil, acid. 
, 
This possibility has been carefully ,,uii"J 
"i ['orl.rnr,"a,both oo rhe Rothamsred and rhe Woburn soils, but no siqn of in_
creasiog acidity has been discovered, Ooe wouid not 
"*p"?t ir, bo,the idea is so persisteqr that we should Iike to know'h.; ii h;,
. 
-r 
Nlany ol-the )oung plarrts tliel rfirough sant ol raiu; rnore seed was sorvlbut ialled to grorv.
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ariseo i aod if a case were found, we sbould welcome an oPPortunity
of examioins it.
- R"."otli two other kinds of phosphatic fertiliser have been
offered to'farmers: ground mineral phosphates rnd. certain
proprietary articles, most of which aPPear to b€ ground mrneral
ohosohates also.
'- 
-iftirl.a 
phosphates were first tested in Sqotland by two well-
t no**'Loi .*id"it ditr"r"n, men: I)r Aitken at Pumpherston a,nd
Mr Tamieson in the Aberdeen district. They have remained popular
in pi.,t 
"f the north country. Gafsa phosphate from North 
A{rica
is use,l in Northumberland, where the $easons are cool and molst'
it" 
"rt""ii"t conditioo is that 
these phosphates- should be tinely
rround 
-Dassinq the sieve with I20 meshes to the llnear lncn 
ln-
"',""J'"f ,fr" u"ial too meshes. It is said-but 
at Rothamsted we
h"uu no 
"*ruti-"ntal evidence 
oo the matter-that swedes grown
",iit ,nin"r"i 
phosphates or basic slag do not ripen so early as- tho-se
orown with superphosphate, and may therefore be more usetul tor
Feedins to sh"Lo on the land where it would be an advantage 
-to
i"i"i" ?r,"- gi"""'r"aves as long as possible' At Rothamsted Gafsa
and Nauru" were tested in rgzz aad' t924, but neither year was
f'avourable to the action of phosphate and no crop increases lre.re
obtained. The Asricultural Educatioo Association tests with uatsa
;il;;;;" t"r" ,i.riti"c results, and it may be worth while for
ll. i,ron,u"O.n"'oiser to a-rrange a test of slag and mioeral phosphate
^r,"io.t ",rp".ph*osphate, 
especially if the mioeral phosphate be much
.f,""o". oi. rioit.'The tesi, ho*ever, cannot osually be carried out
bv tire fi.mer himself; it needs proper replication or it- may giv€
,irr iiri."ai"e t*ults. Assistante io o'otiting out the details will
alwavs be siven at Rothainsted." - 
*i,r*r'*rt ttlrr"rr.-Mr"y experiments show that sulphate of
ammonia"aoplied with the seed increases thc croP, I cwt' sulPhate
of ammonil'giving about an extra ton of swedes Per acre whether
the season is good or bad :
r922
Goo,I S.aron
r923
Potash aud phosPhates onlY '
: cs'r. sulphate of ammonia
in addition
(lain from 2 cwt. sulPhate
. No Dung
| 3'2
1.2
2'42'o
l'o
oi
Dung
30'6
32'6 r,i'7
of ammonia
Gain per. cwt.
tmmonla
2'4
l'2
Dog
t4'3
t6'7
No Dug
26'7
29'r
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As rrsual, the effccr of nitrogen is remarkably stcady, in sharp
cootrast with rhe varying effects ot phosphates; i cwt. iulphate oi
ammonia usually gives an additional zo cwt. of swedes wheiher the
seasoo is good or bad. In r9z4 the dressing was varied to test the
eftect ot usiDg larger amoutrts, but there was no advantage in going
beyond r| cwt. per acre:
;rnr* ,t 
"r.oni", .,'r,. p". ".r" .Yield of swedes, tons per acre
Gain from sulphate of ammonia
cuio p". .*i."uiftri" 
"f rr.."tr,tons of swedes
-) t I
itl26.t 28.2
o'4 2'5
r'7
.l
27.1
l't,
o'tt
It is not yet certain whether the nitrogen is betrer applied with
the seed or later, but some of the experiments suggesi'that later
application is- somevhat beter. It would be interiiting to study
the- 
_effect of time of application of nitrogenous manrire on the
incidence of mildew; 
- 
early sowin^g seems io increase the liability
to mildew in the.South-happily Scotland does not sulfer so bad11,
-end it would be useful to know iI nitropenous manure apoliedwith the seed had the same effect; if so, the'iater application ivtultl
obviously be better.l
Polarir 
-Lfaau-es.-Potassic fertilisers have no vert, marked
effects on the South, but they are more useful iu the Norih, where
the-growing season is longer and where, therefore, it is an advantage
to keep rhe crop growing as long as possible.
- 
Summing up thi6 question of the manuring of swedes: either
larmyard manure or arrificials can be giveu, but it is not usually
necessary to give both. Of the various phosphates, superphosphate
is as a rule the best, but basic sJag is'useful on land iubiect to
finger-and-toe, and there are indicaiions that finely ground mineral
phosphates may be useful also. But superphosph'ate- has the srear
advantage of hastening early growth and so'allowing of earlier"hoe-
ing, and before gerting away frorn it careful field irials should be
made; these are difficult to carry out. Nitrogenous maoure gives
increases of about zo cwt. swedes for I cwt, ;lphate of amm"onia,
but potassic- manures are not strikiugly effective. ' A suitable dress_ing of artificials is I cwt. sulphatiof ammonia and not less than
zj-cwt. superphosphate, increasiog this u.here experience shows it
to^ be necessary., In southern conJitions the manu'ring is somewhat
of the nature of an insuraoce against bad seasoas, b*ut it will not
cover drought; phosphates, however, probably improve the eualir\
and so give better results than the figures iadiiate.'
I Mr CarI iDforms me that irr Kirrcardileshire topiressings of nitrate of soda
are found very useful, especially after a rtet June or july.
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Mixlue Cropt.-Like swedes' mixtures can be grown 
-without
farrnvard manuic, lhough, likc swedes, they responJ quite well
to it. Therc havc been no critical experiments on the manuring
of these crops, and we hare only general experience as a guide.
On seneral srounds one would reiommend a dressing of basic
slag "aod <rf k'oini,-tuy, 3 cwt' of each, the slag to be of hiSh
solubilitv.
G-ip lt.- Fod&r Cropt needirtg Fannsatd Manre-Matgoldl-
Manqolds, like swedes, are greatly influenced by seasonal lactors,
espelallv rainfall and temperature-iodeed they are more sensitive
ro't"rnp"rutr.", aod so they cannot be grown in parts of the north
of England or Scotland. Rainfall affects not only the yield but
the mirurial scheme and the comPositio[ of the roots.
In maderatel dry regint as in ihe east and ceotre of England, the
mangold requiies ihri" maou."s: ( t,1 falmyard manure, (2.; nitro-
seoous. and (?l potassic fertilisers.
" ( rl For.iurd .4[anure.-Daiy farmers who watrt large croPs
.,f r;a'nsolds'and have plentv of-farmyard maoure sometimes give
,"ry l"?ge dressings. Surrey dairy firmers in pre-war days have
been known to apply some 40 or 50 toos Per acre and. to g-et.croPs
of 8o tons 
"f mair!6lds. These heavy dressings are justified onlyrvhen the farmer has so much manure he does nor know what to
clo with it. Equally good rcsults could be expected froq, sal,
zo tons flarmyar.i to ihia..e and a proper dressiog of arti6cials.
On many-farms the difficulty is to find enough farmyard^maoure'
We have experimented with 'two substitutes : town refuse and
comDosts i but our tests are Dot yet sumciently advanced to justify
defiirite conclusions. The town refuse from two of the London
boroushs was tested in Iq2? with promising results' but many
.o." i".," are needed before- useful comparisons could be made'
Composts of waste straw and other like materials are being used
now on our farm bv Mr Heiqham; from what we koow of their
decomoosition in thl soil weshotrld expect sulphate of ammonia
o. nit.ate of soda would need to be applied to the crop before the
full benefit of the compost could be obtaised.
There has been some discussion as to the best time of applying
farmvard manure. This depends on the amount of wioter rainfall ',
uod if *" leave out of aciount the question of conveoience, the
best results have been obtained by ploughing in the manure in
autumn where the winter rainfall is fairly low, and in spring where
it is high. But farmyard manure invoives so much handling that
the oueltion of convenience canoot be left out of account, and prob-
ably'most farmers would prefer to apply it as soon as it is available
in ihe autumn or winter, so as to get the job done.
( z t Artifuial Maruret for Maagol,lt,-Of the nitrogenous manrtres
ttru B""nfieid restrlts shoi that niirate of soda is the best, especialll'
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for top-dressing, while sulphate of ammonia is most usefully applied
with the seed. Nitrate of lime has, however, given good results as
a topdressing. There is little good experimental work as to the
time of applicafion, but some indication that the time of singling is
perhaps the best.(3t Of the potassic manures either 3o per cent. potash salts,
kainir or muriate is suitable, but it is oot certain rvhich is the best.
Both French and German kainit and the " 
-Jo per cent. satts" con-
rain salt, and German kainit contains in addition magnesium sulphate:
there is some evidence that both of these are beneficial to mangolds,
and if so, kainit or 30 per cent. potash salts would be the betterfertiliser. But the case is not proved, and the muriate being more
concentrated involves less handling and cartage and may therefore
be the more economical,
W'hichever potassic fertiliser is used, it should be io some pro-
portioo to the amount of nitrogenous maoure, For each hundred-
weight of sulphate of ammonia and nitrate of soda given to the
mangolds there should be I cvt, muriate of potash or 2 cwt. kainit.
If the nitrogen is in excess, the pla[t may become unhealthy and
lose some of its teeding value: striking examples occur on the
Barnfield plots.
The oeed for phosphate is less clear; it has not often been
tested by experimeoters, but neither at Rothamsted nor in the
Agricultural Education Association tests did it produce any useful
effect.
Io rvet districts the manurial scheme needs some modilication.
At Bangor, where the raiofall is very high, nitrogeoous manures
seem to have but linle actioo, and io some seasons oooe at all.
The composition of the roots also is affected: mangolds from the
wet parts of North 'Wales contain only some to pcr cent. of dry
matter i those at Aberystwyth uoder less rainfall contain tI to te
per cent. and sometimes more, while at Rothamsted aod io the
Eastern parts of England ralues up to tz aod 13 per ceot. are
common. Varieties differ iu their composition, however, and some
contaio more dry matter than othersi obviously, in vierv of the
cost of handling bulky crops like mangolds, it is an advantage to
grow only those rich in dry mattet.
Kalc anl Cablage.-Few field trials have beeo made with these
crops, but experience shows that they respo[d to good dressings
of dung followed by dressings of artificials, maioly nitrogenous:
a mixture of, sar', t{ to 2 c\rt. oitrate of soda or sulphate of
ammonia, zI cwt. superphosphate, and 3 cwt. kainit per acre might
be expected to give good results. Farmers making their own
tests of manures should weigh the produce; judgmeot of fbdder
crops by eye is particularly liable to mislead.
THE CULTIVATION
OF SWEDES
MANURING
KALE
Bv W. A. C. CARR, M.C., N.D.A.
Cb*bic School d ,{griculturc
Swrnes belong to that unfortunate crop which is designated " roots."I say " uofortuoate " because they are liable to attack, and arefrequently attacked, from every quarter. Insects and fungi are
ready to destroy them in the 6eld, aad eren the lucky roots which
escape the frost and land in the turnip shed are in daoger of beiog
thrown out agaio if considered a menace to the yield of the dairy
cow. From time to time we are told that the crqp is old-fashioned
and uoprofitable, yet farmers stick to it with dour determination.
.We 
are informed we cao grow silage and forage crops if we fiod
them more profitable than hay, but roots-no I Ooe might well ask
the questioa-Are roots doomed ? Before we cut out roots, ho\rr-
ever, we must find a substitute. Have we a crop in these islands
which will yield more dry matter per acre thao roots, when grown
under suitable conditions ? Have we found a crop which will yield
digestible dry matter at a lower cost for winter feed than roots, aod
have we a crop the cultivatios of which will keep the land clean at
less cost than roots, if kale be excepted, or included under the term
" roots" ? So far I have not found a substitute.
Discrimioation is necessery, however, in the feediog of roots as
with other feeds-even lioseed cake has its limits.
Swedes thriye under rather dry conditions in the early stages of
growth, but the crop lequires a good deal of rain after the plants
begin to meet between the rows. Suitable climatic conditions are
esseDtial for a full crop. Heavy soils aad wet soils seldom yield
profitable crops of swedes; soils of this nature are better under
grass.
The inclusion in the rotation of a good ley will do much to
render root-growing profitable. Even a heavy soil becomes more
friable, aod tends to get ioto the fine coodition suitable for a souod
crop of roots. The ley reduces the frequency of ttre crop, aud club
root is no longer a serious menace, unless soils are actually sour.
The Aberdeenshire farmer can rely on a sound crop of swedes, and
he is oot unduly troubled with weeds. I admit the soil aod climate
are suited to the crop, but the six-course rotatioo cootaioitrg a three
years' ley plays no small part. It is uofair to blame the roots for
the shortcomings of other crops in rhe rotation, and if the land
becomes weedy and out of coodition through corn-growing, swedes
then appear to be an expensire crop.
It may be, also, that the ley has an efiect oo the feediog value
t2
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of the swede. Collins has proved that the ley improves the quality
ot oat straw.
The preparation of the land for swedes and kale is similar. I
believe in thorough cultivation, though I am afraid I cannot quote
authentic experiments which show an advantage. Surely, in the
preparatioo of land for swedes, we find an opportuaity to plough a
little 
-deeper thao is usual in the autumn of the year preceding the
crop ? Ploughing should be done early, especially if the land is
at all on the heavy side. The furrow should be set up so thatit will withstaod the weather and be exposed as far as possible to
the ameliorating influence of fiost. I am often asked the question:
Should farmyard manure be ploughed in during autumn oi wioter,
or should it be applied in the drill before seeding ? I do not hesitate
to reply that it should be ploughed in as soon as it is available,
provided the condition of the soil permits, Heavy rainfall may
wash away valuable ingredients, but too olien the manure is exposed
to the same danger as it lies unsheltered in the farmyard or else-
where. When the root area is considerable and the land tends
to dry out, the advantage gaioed in rhe spriog usually outweighs
the disadvantage of manurial loss. It is not advisable to plough
dung in too deep. Where conditions permit, good results may be
obtained by ploughing in the manure with a light furrow in the
autumn, and following later with a deep furrow. The process
may be reversed on dry laod. One can plough a good furrow,
harrow, cart aud spread the manure, aod then plough io with a light
furrow. By adopting these methods the maoure is sandwiched
between the furrows io a way which should yield good crops. The
difficulty, however, is the extra expense entailed by twice plough-
ing, and it is probable that the increase in crop will not always pay
for the extra q,ork.
Too much time must Bot be spe[t on intensive cultivatioo if
it is likely to cause the work to lag behind. My experience in
the North-east of Scotland and in Cheshire convinces me that the
f'ailure of a swede crop could often be prevented by having the
spring work a little better in hand, Uofortunately we have to
coutend u,ith a variable climate, and " the best laid schemes o' mice
an'meo gaog aft a-gley." We must, however, allow a large margin
fbr safety, as I feel sure it is a very important factor in the cultiva-
tion of the crop, especially in places where heavy soils dry out
rapidly. Every other year, if not every year, ooe may see whole
Iields sown with swedes and turnips bare aod brown in July.
" Yes, if we had been only a few days earlier it would have beeu
all right." How often have I heard this, and repeated it myself.
I have observed a farmer with slipshod methods push ahead with
the crop when more careful men stood aside to await better weather
or perform another cultiyation. The former ofteo won, as he
^3
14 FODDER CROPS
almost iovariably obtained a plaot, which the others sometimes
missed. The root area should receive atteDtioo early in spring.
The plough furrow should be broken on the surface in order to pte-
vert ihe Arying out of the soil. I do not care for cross-ploughing
later than Maich, as it tends to allow the drought to Penetrate
to the bottom of tbe futrow. Better results, io my opinion, are
obtained by working gradually dowo by successire cultivations
until the d;sired depih"of tilth'is obtaineh. A finer tilth tesults
and moisture rises to the plant in dry weather. Experiments at
Craibstoue in Aberdeenshire show the importance of sowing the
crop at the right time. The soil there is of a qature which does
not readily dry out, and a plant can be obtained from late sowings.
INFLUENCE OF DATE, OF SOWING ON YIELD
Datc oJ' Soluing
Toerage of 5 fcart A,uetagz ol 4 fcart
Tcllou Turni2t
May 8th
rsth
zztd
2gth
June 5th
r2th
rgth
26th
I
9
4
6
5
o
2l
20
r9
r9
t7
t7
zB
25
2l
r7
r4
Clor.
9
t5
4
o
7I
Practical experience in the area confirms my opinion that swedes
and turnips are usually sown too late for full crops.
Conditions are diflereot in England, and it is dilficult to in-
dicate when swedes should be sown. In Cheshire the evidence is
very conflicting. Swedes sowq early in April sonetimes make aD
excellent crop, whilst swedes sown in May may fail. The result
may be reversed another year under dilferent climatic conditions.
Another experimeDt at Cmibstone shows that turnips should be
thinned out when the plants are small :
.4werage oJ 4 Tcart
'fonr Ctut.
Yellow turnips--
Early-hoed . 2r t6
Medium-hoed. 19 ro
Late-hoed t6 r r
Atclagc oJ- 2 fcart
lnr Gut.
Swedes-Early-hoed t6
Medium-hoed r7
Late-hoed. . rj
r+
6
5
I
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Although swedes do not show an increase in yield, hoeing can be
done at a greater pace aod weeds cau be dealt with elfectively in the
early stages, whereas if hoeing is delayed, the work becomes very
slow and cleaning is much more dilficult. The same thing applies
to horse-hoeing-do the vr'ork if possible befbre the weeds appear.
Experiments indicate that varieties of swedes vary in yield and
composition, and it is dificult to siugle out outstanding varieties.
VA.R,IETY TRIALS AT REASEHEATH, CHESHIRE
l'arb,)
t923
liel.l Pe' cent. 'liel,t(/un) Dq1 Matter (l:an!)
192+
D'I Llatter
Magniticent.
Superlative . .
Viking
Feedwell
Best of All
Leighton's t6-week
Model .
Conqueror .
Lord Derby ,
Eclipse
Aberrleeushire Prize
Bangho}n
Best of All
Bronze Tankard
Caledonian
Da.rlington
I(irallie
Picton
Stirling Castle
XLAII
3I'5
29'o
29'o
28'5
27'o
26'5
26'5
2 5'o
23' 5
9.o
8'z
9'3
9'2
9'S
9'1
lo'o
9.2
9.8
9'9
37'4 ta'633'9 ro'935'z 10'6
1. 
.' 
':.'
33.o r r.3
3;i:' 
'ols
TYPES OF Swrj,DDS TO TEST FEEDING QUALITY-I9:3
/o;rt Exl,eritu,tt, r4berdeu, Edit urgb and Glatgotu C.ollege.r,
and Rnutt Iu itutt
'l_yle
Purple North
Purple Globe
Reddish Gl,rbe
Bronze Tankard
Br. Globe
Br. Green Globe
Green Globe
Red P. Tankard
... ro 3
... | ;.6
... to'4
... 10 3
... 9 6
... to.2
... 9 9
16o
156
r5 4
146
143
126
142
138
168
124
r{o
134
146
r4'4
16o
t72
r74
t79
142
r8 3
,',,.,,| ,',,,
',',, i ,.,
262 tt2
zz 8 irr':
32 1 tog234I99
23'8 i to 2
29',6 rO-2
2r'3 r o',1
23's i ro s
Purple Tankard
Bronze Globe
Aber,l*z E,li ugn Ghsgoau
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Maturiag of Soe&l--Ia the past it has been the custom iE
many distric"ts io apply dung aod a heavy dressiog of artificials to
sweies. Ir is dou6ifril if this is justifiable even ia Scotland. The
crop does not respond like maagolds and kale to manuriug, and
$eems more influenced by season than manuring. W-e have been led
to understand that swedes require a liberal dressing of phosphate,
yet some trials give negative results.
' Retultt ,/ I-ri"lr il Reateheatb, tg22 and 1923. 
- 
All Plots
received duig in the drill in addition io sulphate oF amoonia.and
muriate of poiash. Phosphates equivaleot to 3 cwt. superphosphate(J5 per cent.) per acre was applied to all Plots, excePt the t'no
phosphate " plot.
- The following table gives the results expressed in tons per
acre:-
Phosphatic maoure-
No phosphate
Miueral phosphate
Superphosphate
Ephos
Ef,rtt of Seaon.--$u,edes have been grown at Reaseheath uoder
simila"r co-nditions each season, aod ihe auer"ge yield in four
successive seasons is as follows:-
t92t-Ctop faited owing to mildew'
1922-12 tOnS Per acre.
1923-27 toos Per acre.
1924 
-36 toDs Per acre.
Provided phosphates are applied to other croPs iD the rotatiotr,
it is unlikely that the swede crop will suffer, when once established,
through a ieficiency of phosphate. With a moderate dressicg of
dung, a light complete drissiog of artificials containiog soluble phos-
pha6 is advisable. This will give the plant a good start, which I
ihink is important. If the crop tends to be restricted in growth
by heavy.uinfdl in the early siages, a touch up with Ditrate after
siagling may improve the yield.
-When iooi land is ploughed up, phosphate may Prore th-e
limitiog facior, aad soluble phosphate may be oecessary. A small
experiment on a farm lying in the smoky area of Cheshire gives
interesting iuformation on this poiot.
A ploi of poor turf was carefully dug up for the experiment.
Carbonate of 'lime and a dressing of oitrogen and potash were
applied to all plots. The followiog yield of swedes was ob'
tained:-
l1el l
1922 t923
r 3'r 26'3r2'o 27'4
t t'3 27'4
t2'2 2l'4
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No phosphate
Mineral phosphate
Superphosphate
. I'4 tOnS Per acre
. 2.9 ,,
. 9.3 ,,
My experience in Kincardineshire also favours the use of super-
phosphate-small dressings bring the plants otr to the hoeilg stage,
whereas heavier dressings of insoluble phosphate often fail to give
rhe plani rhe necessar) start. Superphosphate may tend to favour
club roor, but an application of lime now and again will connteract
this tendency.
Marrow-stem kale is more reliable than swedes at Reaseheath.
Crops yield from u 5 to 30 tons Per acre-and so far have neverfailed. The yield of dry matter and protein is higher than that
of swedes. Cattle eat it readily in the field or in the stall, it is
the cheapest autumn feed I know, and it does clean the land.
Although I have put in a good word for swedes, we have lately
largely replaced the crop by kale at Reaseheath, but in the North-
easl of Scotland kale does not compare favourably with swedes.
The cultivation of kale is similar to that of swedes. \1'e drill
it in the.same way with about the same weight of seed per acre-
;.e. ? to 4lb. I am often asked: Should kale be thinned ? I have
tried it unthinned and at distances of from $ ft. to z ft. apart, and,
provided the utrthinned has not been thickly sown, I have found
little difference in the total yield. Cattle, however, do not take
readilv to very thick stems, atrd for this reason I prefer to roughly
hoe as for swedes. The crop may be planted out after early potatoes,
and for rhis purpose it is advisable to sow a few drills of kale along-
side the potatoes so that plants are at hand when required. I have
sown kale successfully in Cheshire from the end of March to the
end of June. Marrow-stem sown early in April will be ready to
cut, if required, by August; but sowiogs about the begiooing
of May are, I think, on the whole better for use in November and
December. Thousand-head kale does not yield the same weight
of crop as malrow-stem. It stands the frost better, and of course
provides excellent fodder late in spring, but I generally lind it gets
in the way of the succeediog crop.
Kale responds to manure, especially on poor soils. A good
dressing of dung is desirable, and in addition we apply rl to 2 cwt.
sulphate of ammooia, I to 4 cwt. super, and t* to z cwt, muriate
of potash or its equivalent, After thinning we usualiy apply a top-
dressing of nitrate. We have not carried out a manurial trial at
Reaseheath, so our maouring may be wrong, but we can rely oo
good crops.
Irr t9z5 we had a small experiment ar Taylor Fold, near Staly-
bridge, oo poor soil, to test if top-dressiDg with Ditrate after hoeing
was prolitable. All plots received dung and a complete dressing of
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artificials-I+ cwt. sulphate of ammonia, 3 super and l+ muriate
of potash:
. 16'0
. r9'4
. 22.8
The crop beiog of a leafy nature responds to nitrogen, and it is
possible rve could have profitably increased the dressing.
Kale is now finding a place on many farms in Eagland, and
farmers seem satisfied with the crop. There is, however, a danger
of over-productioo. The produce of r acre of marrow-stem kale
will, I think, provide sufficient green stuff for fourteen or fifteen
cows up to Christmas, after which I prefer swedes or mangolds.
FORAGE CROP MIXTURES
Bt J. C. BROWN, P.A.S.I.
Fon ece crops attracted coDsiderable attention in this country during
the eighteenth century whetr the ancient system of agriculture was
breaking up and the system rtow practised was taking definite form;
but the ecooomic forces of the late eighteenth aud early nineteenth
centuries favoured corn production, and in consequence these crops
almost disappeared from British agriculture. But it is of interest
to recall that in seyeral Continental countries-notably in districts
in Germany-a forage-cropping agriculture continued steadily to
develop during the last century, and has at the present time reached
an advaoced stage of progress. In recent years in the IJnited States
of America a very considerable live-stock industry has spruog up
which rests almost entirely on arable forage crops. The crops aod
methods employed in these countries are not well suired to English
cooditious, but a considerable rauge of forage crops exists which
can be grown successfully in this country, while others need but
slight improvement to render them of great value. Examples of
the latter are the flat pea (Lathyu qh,wtrit) and Bokhara clover(Mel;lxu alk, et of.); both these crops give very high yields of
nutritious fodder, ate easily cultivated, and are almost independent
of soil conditions, but the rapidity with which the stems of the
plants become woody in character and unpalatable to stock renders
them practically useless in their present form. Similarly, maize
and lucerne, which are so largely employed in the Ilnited States,
are not adapted to general cultivation, at the present time, in this
Basal manure but no nitrate ,
and I cwt. oitrate of soda
and z ,,
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country. We have, however, a number of well-trjed crops, wtrich,
while not so productive as some of those previously lentioned, are
well suited to our soil and climatic conditions, aod which make
excellent fodder for farm live stock. Mixtures of rye and vetches,
rve and beans, rye and peas, oats aod vetches, peas and oats, peas
o'nd *h"",, chicory and alsike, wheat and vetches, beans, peas and
wheat, beans, peai, barley and oats, and mixtures of,carrots and
parsnips, can bi effectively employed in the feeding of live stock.
The best-known of the above mixtutes is of course the mixlure
of rve and vetches, which, on many farms, is grown for early
sorins fodder. In spite of its widespread use, however, it is not
e'ntirefv satisfactory, L"."o.u the vetches mature much more slowly
than rhe rye, very-little of the vetches being seen at the time when
the rve is'ready io cut, and for this reason, except when the crop
is required for-feeding to sheep, a mixture of rye 
'od beaos is tobe pr^eferred. Sheep-are not ioDd of the bean plaot, and eat it
rnoih I"r, readily than vetches. Rye has also the Sieat drawback,
like Bokhara clover, that it is onlj' palatable in the earlier stages
of growth.
-On lisht soils a mixture of peas and rye, sown early in Jan-uary'
will be ieadv for use as sooo as the autumn-sown crop ot rye
and vetches,'and is considerably less inclioed to become woody'
The commoo Dractice is to take a crop ofturoips or cabbage after
an earlv croo of rve used for green fodder, but if the land is clean'
.n.l .uilv auiu-n ?odder is needed, a mixtute of St John's Day rye,
or of bJckwhcar and peas, mav be grown instcad-in 
- 
favourable
seasons these .rop" 
-ry yield rery heavily. On rhe lighter soils.a
verv pood nlan is'to sow-rve in wide driils in September and drill
o."i fr",*"un the rows in linuary, when the two croPs will mature
lbout the same time. Ifihis mjxture is cut before the flowering
oi th. .u" it is hishtv nutritious. A mixture of April bearded
*h"n, o,id ,"rr roio'ut aoy time during January or February is
^ 
useful mi'.xture crop for harvesting as a grain crop; it makes
""." 
."riJ srowth a;d is well suited to the weaker soils' If
desir"a'it m"ry be used as a hay crop, when cut for hay the
mixture shouli nor be allowcd to pass the flowerin-g stage'- lhe
most suitable mixture for making into hay is one ot oats and Peas'
Anv varietv of oat or tield pea rnay be emploled, but to obtain the
h."i ,.sult's the varierv of oat known as Duns should be grown,
;;;;r.;;i its hardv niture aod the verl large quaotity of leaf and
stem which it oroduces. This mixture should be sown in January
". 
f"Uir"ru. ai the ,ote of z| bushels of oats and r bushel of peas
o". 
".." 
r 1i,.. 
"ot,ioqs 
will give good results, but the heaviest yields
lre obtained from ea"rly soGngs. Very heavy yields of ha1, even
on inferior soils, can be obtained from this mixture'
To obtaio tLe maximum weight from the croP it is necessary
20 
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to delay cutting until the first pods on the pea$ are beginniDg ro
form.;. but if hiy of high .ludirj is preterred'to quanrity", the ;rop
should be cut when the oats are flowering. Whin cut-thus early
the crop will, in favourable seasons, mik" a secold srowth as
heavy as the 6rsr, which is particularly useful oo the iairy farm
for autumn greeo fodder. When the crop has reached full [rowthit is not more difficult to make thaD any'other hav. but wh-ea cut
before this stage is reached it is rather dilficult to'iuro unless the
weather be good-arri6cial drying would be distinctly useful io
this case, lf well harvested this"early cur hay is litile short of
conceDtrated food in value. This mixture is onl of the most uEe-ful to the srock owner, owing to the heavy yields of hiqh quality
fodder which can be obtained Iy its us". fhi mixture cin bl used
as a seed crop by sowing the Marvellous oat in Dlace of the Dunsfor early sowing_and any good grain oat for latei sowiog ; success,howtver, depends largely on early sowing, * an utta.lf of f.it-Ry
oo the later-sown crop may seriouily reduie its yield.
Valuable as_the aiable hay .ropi 
".u, 
the eiperience of re{ent
years leads to rhe conclusion rhat the best resultj are obtained fromgrowing the. mixture crops as grain crops aod feediog them in con_
Juncttoo with succulent fodder. Recent experiments tend to show
that a.given 
_weight of green fodder has a gieater value in the form
of ensilage than of hay, but rhe exrra cost ;f rhe ensilase is a drav-back to its use. A cheaper food of equal value can "be oroduced
9y.combining a forage mixture harvestid as grain and a iucculenttodder crop. The most successful of all tf,e mixtures availablelor this purpose is one composed of beans, peas. barlev and oats
varied aciording ro the natu're of the soii ;"'J;ir;i;;.' i; ;;L;grown on practically all soils, and is especially suited to the weaker
wheat soils and the heavy soils which oeed frequent bare fallowins:good crops can also be obtained on the lighier soils by suitadie
maruring and cultivation. The crop gives iuch heavy y'ields thatit is necessary to take precautions agalnst lodqing bv includios a
sufficientll high proporiion of beaoi: the idld "miiture for ?hegrowing crop is half pulse aod half cereal. A seed mixture made
up.of beans, z_ bushels; field peas, l! bushelS oars, I bushelibarley, t! bushel, sown ar the rate oi 4 bushels pu. 
"..", 
on
average land, will give this result. On 'some soils'rhis seedino
would be too heavy; on high-lying jands an increased seeding mighlglve lmproved returns. If rhe crop is sown before mid-No"vemEert bushel of vetches should be substituted for the peas.The behaviour of the various species is very different io the
mixture to the pure crop, and there is no dou6t thot ea.h .roo
could be very much improved for this particular purpose. Air
in-teresting fact in this connection is the much more luxuriint srowth
of the cereals when uixed with pulse as compared ;i.h ah?;;;;
I
.t
il
t
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crops, The taller the beans the better they are suited to the
mixture, rvhile a rapid-growing, widcly branchirrg pea, the straw
of whith.loes not ripen, is best suited fbr thc purpose. A wide-
spreading, vigorous root system io both species is also important.
The crop should form a close coveriog over the grouod at ao
early stage of its growth, in order that it may check the growth
of weeds; once the ground is covered it is practically impossible
for anything but the strongest kinds of weeds to survive, owing
to the de[se close growth of the crop. If sown in the autumr, or
early spring, it is rarely seriously damaged by drought or excessive
wet duriog the followiog summer, if the land on wbich it is grown
is well draiued, The seed may be either drilled or sowr broadcast.
If sown broadcast the different species should be mixed together,
sowo on the raw furrows, and harrowed in by giving two strokes
with the spring-tined barrow. When the seed is drilled, the
mixture may be sown in the usual \pay or the pulse may be sown
separately in one direction and the cereals at right angles to it.
When this method is adopted it is a good plan to sow the pulse
in wider drills thau the cereals, takiog out each alternate coulter
for the purpose. On the lighter soils it is advisable to sow deeply.
No spring cultivation is required for the autumn-sown crop. The
crop may be sowo at aoy time from September until the end of'
March for seed and for green fodder; in some districts it may be
sown as late as June. No universal rule can be laid down as to the
best time to sow, as this varies with the district; but the autumn-
sown crop is uearly always more resistant to adverse weather
conditioos. On light soils the crop is greatly benefited, in the
6rst year, by a generous dressing of farmyard manure, otherwise
the beatrs may not pod well. On the heavier soils, unless the land
be in very poor condition, a dressing of from 5 cwt. to 8 cwt.
of basic slag is sufficient to give a full yield. Top-dressiog rrith
quick-acting, oitrogenous malures is sometimes effective, bur more
ofteo they do not give any return. If used at all they should be
applied early.
The ordinary binder take$ up the crop quite satisfactorily,
and the large rough sheaves thus formed stand well in the stook
aod are resistant to bad weather, The crop may be cut with the
ordinary gtass-mower aod cured in much the same way as hay. In
the majority of districts the beaos ripen less rapidly than the other
constituents of the crop, which should rherefore be cut when the
cereals are ready-the beans, if not quite ripe, will ripeo out satis-
factorily in the stook. Early cutting greatly enhaoces the value
of the straw for feeding pulposes. The crop is thrashed with the
ordinary thrashing box and any good farm grinding mill will reduce
the grain to meal. One of the advaotages of the crop is that it can
be growa year after year ou the same land with improving yield.
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Its eifect on the soil is quite dilferent from that ofa pure cereal. The
cereal crop, owing to its opeo character, allows the land to become
weedy and its root system destroys the soil textures. Long ago
Tull showed that cereals can be grown continuously on the same
land without any falling off in yield, providiog sulficient mechanical
cultivatioq is given. The mixed crop automatically pulverises the
soil by the action of the roots of the plaots: the difference in the
soil condition after a forage crop is obvions to the eye and touch.
The smother-effect of the mixed crop is so complete that, if the
laod be clean when the cropping is commenced, no weeds can
establish themselves beneath it; and wheo cooditions favour the
crop, really rveedy land cao be cleaoed through the smother-effect
of the crop.
The yield of the crop when grown continuously on the same
land is considerably better oo the average thao that of the pure
cereal growo in the rotation. The grain of the mixed crop is well
suited to the feeding of all kinds o[ farm stock, and i[ succu]ent
Ibdder is available, the straw, if well harvested, is useful fodder.
The grain is a concentrate which can be easily adjusted for any
porticular use. The cost of growing varies from f,6 to f,g per
acre according to the character of the land, aod on an average the
yield of grain is about z5 cwt. per acre and 35 cwt. of straw.
The cost per lb. of starch equivalent produced is about '8d. Even
without putting any value on the straw the grain is a cheap con-
centrated food. The crop is best used with marrow-stem kale
as a succulent fodder: too lb. of kale,4 lb. of thc grain o[ the
mixture and 4 lh. of the straw give a composition whieh closell'
approximates that of the best pasture grass. As kale can be pro-
duied at a cost of 6d. per cwt., this mixture is a very cheap food,
well suited to cattle of all kinds; I have fed as much as tz5 lb.
per head per day to dairy cows with good results. If a more usual
method of feeding is preferred, a suitable maintenance ration is
5 lb. of marrow-stem kale, 12 lb. of the straw of the mixture aod2l lb. of rhe grain. The extent to which in the States the Practice
of feeding off standing maize and peas is carried oD suggests the
possibility of developing a parallel Practice in this country, trsing
io place of maize a mixed graio crop.
The mixed crops can be taken after a cereal crop in the ordinary
rotatioo, but the most elfective method of growing them is to recast
the scheme of cropping on a plan which reduces the area under
pure cereals but which increases their yield per acre, eliminates the
greater part of the uoprofirable root crop, aod provides an increased
a=od moie regular supply of food for live stock from the arable
land.
The following rotations, based on a large number of experiments,
secures the above aims :-
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Sugleitd Rotatiorrs
Beans, peas, barley, oats mixturelt for grain
(r
(z
Q(4
(5
(6(t
(8
@(,o(rr(tz
green fodder or ensilage
?
Wheat
Kale
Kale and maugolds
Oats
Seeds )
,, ! for grazing
t
Wheat
Schene oif lieedirg Stul ifrolr Arabie La
Muy I Temporary pasture
lu ne I Permanent srassjrtl I G.uin of mi"xtrr" ..op
/ Grass supplemenred wirh-| {a) .4.fiermath o[ peas and oar hay cropAuSust I rar Muir"
Xfl".T""tl i.i Brrck*heat and peas(Jctotrer | 1al ar,r,nn-ro*n marrow-srem kalc
t tr) Crrin end 
'rrerv of mirture cr,,1,
November\
l)ecember I Stra,, an.1 grain ol nristure crop
Janurrl I l\larrorv-stem kalc
February J
March I Mangolds
.. -' t rrarn ot mr\iure croPADrrl I ., ., t AraDle hay mrxture
The common s) stem of manxgemenr of live stock in this country
does not secure the full output bf *hich the animals are naturalli
capable, because of the falling off in nutritire value of rhe grass
rJuring the late summer and early autumn months. Bl supple-
menting grass pasture rvith forage crops produced on arable land
the rate of progress of the best summer period can be maintained
and the carrying capacity of pastures considerably increased. The
summer feeding of ensilage is a common practice in the United
States: in this countr) a combination of mixed corn, arable hay and
kale can be produced at a lorver cost, and is possibly better suited
to the purpose.
l1
MANGOLDS AND SUGAR.BEET
Br C. HEIGHAM, M.A.
Rotianted Exlxr;n?fial Staian
IN grouping together mangolds and sugar-beet in a siogle short
papir there is some danger that the great distinction between them
may be lost to view aod that their maoy similarities alone will be
reclqnised. It is well therefore to state by way of preamble that
wheieas mangolds are lor the most Part produced as a winter food
for stock on the farm and as a land-cleaning agent in the rotatioo,
sugar-beet are inteDded primarily for human Ibod and for direcr
sai-e, and that this consideration alone is enough to keep the agri-
cultutal treatment of the two crops on different lines. The facts
rhat beet can be used very successfully as a fallow crop and that
their by-products make excelleot feed for many classes of stock
add qreatiy to their value to the farmer who grows them, bul ir is
rhe ish return which they bring which is the rerl cause for the
recent multiplication of acres under the crop.
In l9z?-the area uoder sugar-beet io this country was only
t6.e:o acr6s, most of which was found in one district in East Anglia.
Laii sea.on the area cropped was over 58,ooo acres spread over a
much larger district, and the current estimates show that as much
as rzS,ooo acles are to carry the crop in the Preseot season(Table I., p. 3z).
Factories fot the extraction o[ sugar from the beets are appearing
in all parts of the country, and, for rhe moment at any rate, there
seems to be some hope that both grower and maoufacturer may
derive a fair profit from the crop which will help to discount losses
in other branches of the industry' Naturally erough the rapid
developmeot of this crop has been made at the e\Pense of other
croDs, and of these the mangold has been the one which was most
often replaced. The general similariry of habit of the two roots
has led in many cases to the easy replacement of the one by rhe
other and to tie substitution of a cash profit for what has often
been regarded as an inevitable and perennial loss. This has been
done wiih but small disturbance to the normai rotation of the farms
and, in cases where beet tops aod extracted pulp have been used
to full advantage, without reduction to the head of stock supported
on the land.
For somethioq like one huodred aod forty years the mangold has
maintained a hiqh-reputation as a food for stock and as a fa.llow crop,
and rhrough ali the agricultural vicissitudes of that period it has
kept its place as a crop of first-class importance.
'It is iypically a south land croP and has rever had any vogue in
2+
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Scotland, and the areas under it from tgto to rg24 have been as
follows :-
fzar
l9ro
I9I5
t920
tg24
,4cret ux,lcr Maryoll
' 442,779
. 413'71o
. 3qi,680
. 388,r84
The decrease may become greater in the next year or two, because
oot only is the sugar-beet area extending, but it appears that the
use of ensilage and kale is increasing. Quite recently the value of
mangolds and other roots as a food for some classes of stock has
been seriously challenged, and it has beeo shown that in certain
situations it is possible to manage dairy herds very successfully
without recourse to a ration of roots,
This revelation is as yet too new to a ow any reliable estimate
to be formed as to the extent of its application, but it is reasonable
to expect it to reduce the area under mangolds in places where the
crop has rro important secoodary function as a cleaning agent.
The Critical Stage ir the Grrutitg of MogoLk
The characteristics of the maogold as a cropping plant are well
marked. It is deep rooted and capable when once established of
drawing its water supply from deep down in the soil, and it is a
gross feeder v'hich answers very well to geoerous treatment.
Springing as it does from a very small seed, it is delicate in its
early life aod is not capable at that stage of competing unassisted
with strong and quick-growing weed species. The most critical
period of its growth commences immediately after germination, while
the first roots have still to make their way down to an adequate
water supply, and it leads a more or less precarious existence till the
immediate after-effects of the process of singling have passed away.
It is the grower's business to suit his operations to the character-
istics of his crop, and bearing this in mind it would appear that
there is an excellent case for deep ploughing or subsoiling in pre-
paration for the crop. Unlbrtunately these operations are expensive,
and most mangold growers are not in a position to speod an extra
thirty shillings per acre orr their crop without some very definite
prospect of an adequate return.
There is very little experimental evidence in support of sub-
soiling as a general practice, aod, save in cases where a definite pan
is found which hinders the free drainage of the top soil, it may be
difrcult to justify the extm expense involved by the operation.
The delicacy of the plant in its earliest and most critical period
of growth suggests at once that it should be sov/n not too deeply
on a fine and firm seed bed which is moist, This requirement is
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simple enough in itself, but it is often very dilficult to obtaio the
cooditions outlined and at the same time to take advantage of the
season of spriog cleaning before the crop is sovrn.
When the root shift comes round to anv field most farmers find
that they haye weeds to kill on it, and evJn when an early harvest
and a dry autumD allows this work to be commenced io good time
much remains to be doqe in the spriug. It happens only too often
that a thorough spring cleaning leads to a dried-out seed bed aqd
a partial Failure of mangold plant. Where farmyard manure is
applied in a dry spring, either on the flat or under the ridge, this
risk is enhanced. No doubt the ideal to be aimed at in preparing
for mangolds, io the drier parts of the country, is to have all thi
deep and heavy work and thc organic manuring completed by mid-
February, and to confine operatioos after that dite tomere stirrings
and rolliogs of the surface to obtain an adequate surface tilth for
the seed. It is unfortuuate that the vagaries of season and the
accumulation of weeds of various kinds sometimes make it difficult
to keep at all close to this plan of action itr those districts where it
would be most etrective.
The iocapacity of the young mangolds to deal faithfully with
vigorous competitors for light and moisture is the next characteristic
which the farmer must consider. He must be prepared to bring
assistance to his crop at the earliest possible noment, and for this
reason alone there is much to be said for the practice of growing
the crop oo ridges. It is possible to get the hoes to work io a
ridged crop as soon as need be without fear of destroying rows of
maugolds; while on the IIat, eveu when the cereals are sown with
the roots as iodicators, an appreciable time must elapse before the
rows are stroog enough to serve as guides to the horse-hoers.
The maogold plants require a grear deal of light, space and
moisture for thcir free developmeot, and it is only in ihe very
earliest stages that they can live crowded rogerher io the rows
without damage to their ultimate prospects. Early singling or at
least early bunching is an operation of great importance, and delay
in this 
_operation probably shares, with faulty and deep sowiog, theblame for most of the failures of the crop.
It is nearly always difficult ro keep the work of haod-hoeing up
to date, and ir is curious that more use has not been made oi the
various types of horse-drawn gapping and bunching machines which
are on the market. In the spring of tgz3 a strike of agricultural
labourers occurred in Norfolk and lasted- about six weiks. One
of the effects of it was to disrurb the workiog time-tables ofmost
farms, and a number of people found themselves faced with the
prospect of being unable to get their roor crops hoed and singled
before they were spoiled. Uoder these circumstaDces such hoise-
drawo buochiog machines as could be obtained locally were put
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into use and several of them did excellent work. An observation
taken at the time showed that with a crop of mangolds on light
laod, sown io flat rows z4 in. aparr, the speed of working was
4'53 acres per day. The work was regular in depth and the
subsequent singliog out o[ the buoches was rendered very easy.
Once the stage of singling has been passed and the young plants
are growing on lieely uoder improved conditions the really critical
stage of the crop is passed. Regular hoeings are generally con-
sidered to be beneficial as long as the horses and implements can
pass through the rows without damaging the plants.
Nitrogenous top-dressings may do much to help on the plaots
or to develop a quick growth of leaf in the face of such attackiog
pests as the maugold fly or the leaf-miner grub, but these things,
though they may affect the yield materially, do Dot geoerally affect
the actual existence of the plants as do the earlier operatioos already
mentioned.
Sone Poi t ir the Culturc o1f SugarBut
Many of the points stressed in the growing of mangolds are of at
least equal importaoce with sugar-beet, but it is to be remembered that
as the use and the price per ton of the two crops vary very widely,
so must the growels regard for the points at issue be modified.
With mangolds the chief consideration is the weight of roots
per acre which can be produced for the feeding of his own or some-
one else's stock. .With sugar-beet the critical 6gure is found io
the amount of sugar per acre which can be grown and sent to the
factory.
The quality factor in the crop assumes an added importance, as
it comes to have a direct cash value, and the grower is brought to
consider his operations from a different point of view.
Io the 6rst place the question of subsoiling as a preparation for
the crop assumes a new aspect and the arguments in favour of it
become more cogent. As the return to be expected is greater so
the outlay that can be atforded may be increased, and the thirty
shilliogs per acre which seemed prohibitive with the low-priced crop
appears more reasonable with the sugar-beet, Further, the nature
of the sugar-beet itself lends force to the arguments in favour of it
on all but the deepest aod loosest soils.
The root v'hich it is desired to grow is long and tapering and
almost entirely subterranean. It is free of branches or " fangs "
rvhich, when trimmed olf ia the field o! at the factory, lead to a
loss both of weight aod of sugar cootent. It seems certaio that
the free and quick growth of the deep-rooting system of a plaot
which requires a great deal of moisture for transpiration during its
life must be encouraged by the thorough breaking of the subsoil by
mechanical meaus,
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This suppositioo fiods ample support in the practice of most of
the more advanced sugar-growing countries, aod subsoiliog or deep
ploughing, r 2 to I3 in., has become, in many cases, a matter of routiae
in preparation for the crop.
The question of the time of application of the farmyard manure
and its nature also has some bearing upon this point of form and
guality in the root, for it has beeo found that late applicatioas of
dung, or the use of it in a long or ill-rotted state, may lead to that
forking aad branching which it is desired to ayoid. For this reason,
as well as in order to avoid the danger of drying out the seed bed,
wioter applications of duog, 12 to 13 tous per acre, are generally
recommended.
Seeding
The sugar-beet seed is almost exactly like thar of rhe maugold,
and equal care in the preparation of a bed for it is required. Ilnder
ordinary conditioos the ultimate yield of sugar per acre will depeud
more upon the number of roots grown than upon either the size
of individual roots or the percentage of sugar in them, It is there-
fore particularly important to obtain a close and eyen plaot oyer
the rvhole area under the crop. In order to do this it.has become
the practice in some Continental countries to place the rows yery
close together and to use a very large seeding. Rows r4 io. apart
and seedings up to 25 and jo lb. per acre are found in Holland
and parts of Germany. In the matter of the heavy seediog it is
oflten argued that if 7 or 8 lb. of mangold seed per acre will give
a thick plant which requires drastic singling, a great part of the
15 to 20 lb, recommended for sugar-beet must be wasted. It is
certainly true rhat the 7 to 8 lb. seediug can, uuder good con-
ditions, produce enough plants per acre for a good sugar-beet crop,
but the conditions are so often not good and the importance of
securing a "tight plant" is so great rhat the extra seed may be
regarded as a measure of precaution which costs the gro\yer some
ld. or 8d. per lb.
The use of very narrow rows is a matter which demands separate
coasideration, for a great deal of the subsequent cost and maoage-
ment of the crop must depend on the decision. The recommendation
to use them comes from countries where the problem of securing
good manual latrour on the laad is not the same as in this country.
'Where hand labour is pleotiful and cheap it is probable that the
benefit to be derived fiom growing the roors as close together as
possible may outweigh the additional expenses of seeding, hoeiag
and harvesting. In England agricultural labour is neither plentiful
oor cheap, and it is often practically impossible to obtain and house
extra hauds in rural districts.
Perhaps at some future time, when the sugar-growing iodustry
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is more lirmll establishe.l, it rvill be possible to crect standing
camps and barracks lbr the imported hoeing and harvest hands,
as is dooe for hop and fiuit gatherers in some districts, but
at presellt there is no morc thaD a bare indication of this
development.
Uader the existing conditions it seens that we caooot afford
to replace horses with men, and if the narrow rows involve this
change then we have very good reason for not usiog them. Io
many districts farmers are growing sugar-beet with the same opera-
tions and at the same distances as they have growo other roots for
yeals past. This enables them to produce a new crop without extra
implements aqd with the assurance tbat the men will be able to
handle the operations easily. There can be oo reasonable doubt
but that the crop requires closer spacing than our other root crops,
and a measure of this can be obtaioed without sacrifice of time aod
labour-saving machinery.
Rows 18 to zo in. apart, with the roots ro in. apart in the
row, allow the ordinary operations of horse-hoeing to be carried
through cleanly and punctually, and at the same time permit of a
root population of about 34,6oo per acte, which under good
conditions is equivalent to a crop for sale of 12 to ll tons per
acre.
It is possible that with the very high price of beet obtained
during the past year or two, and which will be continued for this
year, the strict economies of cultivation may lose some of their
point, but it is to be remembered that this high price is due in part
to a temporary subsidy paid by the Governmeot to the factories.
In a definite time this subsidy will shrink and disappear, leaving the
industry to fight its owu battles in the world markets.
The preseot period is necessarily one in which the position and
technique of both the growers and the factories Dusr be built up
and strengtheoed, and it is important that only those nethods which
are tecogoised as being the most elficient and most economical shall
survive to the era of opea competitioo.
Sugar-beet are generally grourn on the flat, but quite a number
of new growers ia this country who have been used to growing
other roots oo the ridge, aod who appreciate the advaotage in
cleaniag which this method gives them, are inclioed to challenge
the established practice. There does not seem to be aoy very
reliable experimental evidence to support either method as against
the other, though it is said that to carry the maximum coatent of
sugar the root should be as much undergrouud as possible. If
this is true, it would appear that the advantage must lie with the
practice of sowing on the flat,
The actual process of drilling is a critical one, as it is very
important that the seed bed should be line aod that the seed should
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not be buried too deeply. The seed rates already mcotioned,
15 to io lb., are below those found in maoy Continental districts,
but even so there may be some considerable difficulty in gening
on the required amount of seed per acre with the drills commonly
found in this country,
There are various special drills comiog on to the market now
that rhe crop is becoming an important one, but with a little modi-
ficatiou of the size of its cups and some alteration of geariog an
ordinary ,'flat-work" turnip drill can generally be made to do the
work. A commor type of sugar-beet ddll used in Germany is
nearly t4 ft. long, and will cover eight or nine rows at a time.
Behind each seed-spout of this machine follows an iron presser-wheel
rrhich serves to push the seed dowo 1r to t in. oo to a firm bed.
Great importance is attached to this lirm planting, and thorough
rolling of the rows immediately after sowing is generally to be
recommeoded. The practice of sowing a little barley n'ith the
beet seed in order to get early defiuition of the rows is common
in Germany and u,orks well in Englaod.
Heng, Rolliry, Buthiry aul Siryliry
The exact sequencc of opelations must clepend upoo the soil
and the season, and it may be necessary to frame the programme
either to conserve moisture in the soil or to draw it up to the seeds
at the surface.
In some places-for example, Silesia-great value is placed upon
very early hoeing, and where there is a delay in the appearance of
the beet " bliod hoeing " is practised.
Whatever the wisdom of this may be, it is certaio that all the
best growers use their hoeing implements freely whenever oppor-
tuoity offers, aod continue the vork rotil quite late in the growth
of the crop.
There are various kiads of special horse-hoes for sugar-beet
now coming on to the market, but good and close work can be
done with the existiog tools if they are firted with suitable hoe-
blades and are carefully set, The Danish type of horse-hoe, which
has a disc to run beside and protect the young plants, is very well
suited to the early work with sugar-beet.
Bunchiog, which is accomplished with a heavy hand-hoe 8 to
ro in. v'ide, should take place as soon as the youog plants form
definite and continuous rows. Care must be taken that the hoe
stroke is deep enough to destroy the unwaoted plaots and generally
it should not be less than I| in, The work requires care and close
supervisioo, especially in districts rvhere the men have not lrad much
cxperiencc of root hoeing.
Singling, which follows the bunching, should begin as soon as the
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loung plants have lbur leaves (Table Il,, p. 331 k is a very critical
operatioo both in point of time and in the care which is required in
it. The young plauts in the bunches tend to twine togethcr, and
the longer they are left the more dilficult becomes the task of dis-
entaogliog them. Siogling carnot be done really well with the
hoe alone, it requires the lingers and meticulous care. The best
plant of each bunch should be selected and held down firmly in the
ground with one hand while the remaiuiug plants are removed with
the other.
When singling has been really well done the plants should be
left eveoly spaced in the rows (8 to to in. apart) and so well planted
that the shock of the drastic operation through which they haye
passed is reduced to a minimum.
Singling may be followed immediately by rolliog to restore the
firmaess of the top soil round the plants, and the hoes should be
busy again without unnecessary delay. Hoeing, both with drawn
hoes and with hand tools, is cortioued until the leaves of the crop
form complete land cover, aod some damage to the crop is some-
times excused on the ground that the benents arising from the
hoeing will more than make rrp for it.
Monrirg a1t &qar-B,'et
Although a great deal of research work has been done on the
Continent io ascertaining the malurial requirements of the sugar-
beet, there is practically no experimental evidence which has a direct
bearing in this country. There is work in hand at the preseot time
at Woburn which is designed to tell us something of the action of
oitrogeo and potash upon yield and sugar content. Somewhat
similar work has been carried out by the Norfolk Agricultural
Station in the pa$t two years, and there is a scheme in being for a
co-ordination of plans of experiment in seyeral couoties.
The results so far obtained require confirmation before the)' cao
be considered as being really reliablc, but in the main they agree
with the recommendations made to growers in Germany.
Further invcstigation is required into the relative yalues of farm-
yard and green maoure for sugar-beet, and there is much to be done
in following up the action of potash in the plant and its iofuence
upon the gross yield and the sugar perceotage. From the work
already done it appears that sulphate of ammonia and oitrate of soda
in quantities above 3 cwt. per acre may cause a small reduction in
the percentage of sugar io the individual roots, but tbis teods to
be outweighed by the increase in yield of roots and in the sugar
Per acre.A great many English gros'ers give their sugar-beet the same
dressings as their mangolds or poratoes, and successful crops have
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bee-n proJuced in this way. Both mangolds and potatocs are yrtash-
loving plants and answer well to large doses olthe various potash
salts, but it is by no means certain ihat the sugar-beet is equally
responsive to heayy potash dressiogs,
Sugar-Beet ar a .Forogc Crop (Table III)
_. 
The forage value of sugar-beet is found in the by-products.
These are the tops, the extraited pulp aod the beet molaisis.
The tops consist not only ofthe letves but also ofthe upper part of
the root down to rhe lowes; Ieaf bud. They weigh from i'to io tonsper acre and form a verv valuable feedins -stuff available for nearlv
all clusses of stock, They are sometimes"fed fresh in the field bul
are more often made into silage in large pits.
The pulp straight from the factory ii a valuable cattle food, and
is used extensively all over Europe for both fanening aod milking
stock. Unfortuoitely it is heavy and butky to haodie, and is no't
easily conveyed from ihe factory io th" more'distant farms. In this
country all the factories have drying plants, and the pulp is dried
out beforc it is sold back to the growers or is put on the general
market.
, 
tlnder many contracts the grower has the option on a weight
of dried pulp equal to 5 per ceut. of his rooi deliveries. The
price to growers at the present time is about.d5 per ton,A comparison between the ordinary root crops-swedes and
mangolds-and .'dried sugar-beet slices" was madi at the Norfolk
Agricultural Station in the years rgog and lgto. Two yards of
fatteniog bullocks were fed on ideoticil rationi with the eiception
that one lot received the ordinary ration of roots and the other a
calculated quantity of dried slices which had been soaked in water
the- Dight before. The results obtaiued were remarkably consistent
and showed that for rhe purpose in question 14 lb. of dried pulp
were equal to t cwr. of mangolds.
TABLE I
SUGAR-BEET AREAS IN ENGLAND
liat
t920
t92t
1972
rg23
r924
r925
tg26
3'ol78,tt:
8,4oo
t6,g20
22,440
58,7oo
t z8,ooo (estimate.;
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TABI-E II
.{ GERT{,{N EXPERIMENT
Iine oJ siryliry
At the proper timc
One week later
Two weeks later
Thrt'c weeks later
TABLE III
SUGAR.BEET BY.PRODL]CTS
Sugar-Beet
{o?'
JJ
fitlt it Tou
I5'o
r 3'5
lo.o
7'o
Sugar- Bca
Poh MargoLlt
Crude protein
oil .
Fihre
Carbohydratc
Ash
Earth
Moisture ,
r7.4r
8't7
5r'37
I8'o3
2'lo
83's
ro'43
o'70
20'oI
64'86
4'oc
8'ls
o'85
s'84
79'r 2
5'84
IO'O I
r.54
9'24
71.82
s'3e
THE DISCUSSION
Lor.o llleorst-ou, Chairman of the Couference, speakiog in dis-
cussion, said that with reference to the matter of the early sowiog
of swedes meationed by Mr Carr, his own recent experience showed
that swedes sown very early in Gloucestershire suffered badly from
mildew.
In the matter of varicties he was interestcd to observe that the
f)aoish swede, Bangholm, had done so well both in total yield and
ia yield of dry matter in the trials at Aberdeen, Edioburgh and
Glasgow.
Coocerning marrow-stem kale he had found that it is an ex-
cellent food for pigs, and he considered that for this class of stock
it is second ooly to lucerne. His own kale crop had stood the
severe frosts of last winter withont damage.
Mr Crarvrono was anxious to know how the dressings ofartificials
which had been put forward compared with dung when measured
Contitutian
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in the later crops. He had some f'ear that continued heavy dressings
of artificials might lead to the occurrence of such troubles as acidity
in the soil, which would more than counteract the good done by the
manures themselves.
Mr Hur.rren Surrrr said that he had some curiosity as to how the
yields uentioned in Mr Carr's paper had been measured. During
the last year he had been examining the Darter of the measurement
of yields of root crops at the Oaklands Institute of the Hertfordshirc
County Council. An area of marrow-stem kale carryiog what
appeared to be a good crop was submitted to the iuspection of
farmers and land valuers,
The farmers estimated the yield as anything up to 40 tons per
acre and the valuers placed it very much higher. One acre of rhe
crop was harvested iu eighty equal plots, each of which was carefully
weighed. The weighiags showed that the yields yaried between
9 aod zB tons per acre, with an ayerage of 2t tons and a probable
error of 3 per cent. A similar experiment was made with some
mangolds, which yielded on the average 20 tons to the acre, with
a probable error of z| per cent. Iu this case the visiting farmers'
estimate was 3o tons to the acre.It was obvious from the great error of the estimates and from
tbe wide spread between the extremes on the kale plots that aay
single measuremeut of the yields would be misleading. Using the
kale and mangold crops in feeding experiments at Oaklands it had
been found that weight per weight they varied in feeding value as
Io : I3 in f;vour of the marrow-stem kale,
Mr J. Ponrsn said that his own experieoce with a three 1,ears'
ley agreed with that of Mr Carr, aod that he had found it excellent
tbr cleaniag the land, for supplemeotiog duog, and for improviog
the mechanical condition of the soil.
Concerning the choice of phosphatic manures for swedes, he
had found that superphosphate tends to bring the crop earlier to
the hoe than do mineral phosphates, and therefore helps forward
maturity and makes it easier to get the land clear in time to plant
corn. 'Where it is desired to tbld sheep on the roots there is much
to be said for the use of basic slag, which, in his opinioo, tends to
keep the tops green for a longer period. He thought that a mixture
o[ slag and superphosphate is generally more efective than either
one or other by itself. C)n sour light land on Herelbrdshire slag
has been found to be superior to superphosphate both as regardi
the total yield of the crop and the quality of the roots.
Mr S. F. Ax.usrxoxc observed that iD some parts of the Eastern
couuties the early cuttiag out of swedes is coosidered to be daoger-
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ous ou account of damage that may be doae by turnip-fly when the
youog plaots are thinned out and temporarily checked in growth.
With regard to the use of artificials, he thought that a good
deal must depend upon the time of application, and he was anxious
to hear of the results of any experiments beariog on this poiot.
Mr W. A. Catrt ia reply to Lord Bledisloe said (a) that in his
experience in the North-east of Scotlaod and Cheshire duog was
always put to swedes beeause it was available aod was most easily
disposed of in this manner. Of course the crop can be grown
successfully without dung where supplies of it are difficult to obtain.(/) That the smoky atmosphere in the industrial districts round
Manchester is actively harmful to the soil, which.tends to become
strongly acid under its influence.
ln reply to Mr Crawford he said that in North-east Scotland
most of the soil is notably delicient in lime, and practically no extra
lime is added by the farmers. Despite this, very large doses of'
superphosphate and sulphate of ammonia are used there from year
to year without the occurretrce of any harmful results due to acidity
or bad soil texture, Good clovers of both the red and wild white
types are growlr on land treated in this way.
In the matter of early singliog he maintaioed his positioo, but
agreed with Mr Armstrong that there is strong couoter-opinion
founded on the fact that the turnip-fly sometimes destrols a large
proportion of the young plants aod that late siogling gives the
farmer a greater uumber of survivors to choose from when the rough
leaf stage is thoroughly established and the fly danger overpast.
I\Ir Boxo said that in regard to the futurc of sugar-beet growing
he feared there is some ground for apprehensioo. He understood
that there is something like t,ooo,ooo tons of sugar at preseot
lying in the docks aod that it can be bought wholesale at very low
rates. A Ministry of Agriculture publicatioo has shown that the
average cost of gror irtg sugar-beet recetrtly on some six hundred
acres of land ou many different farms was somethiog like dr3 per
acrc. Such great outla) can only be justified if a high piicc per
ton for beet can be maintained.
He agreed with Mr Heigham in that there is practically no
expcrimental evidence in support of the practice of subsoiling, but
he had 1er ro be coovinced that late horse-hoeing is not calculared
to do more harm thao good to the root plants.
His owo experience confirmed rhe recommendation of a really
lirm seed bed for maogolds, aod he had found rhat it is generally
easier to obtain this on the ridge than oD the flat.
Referring to the vhole subject of home-growo fodder crops, he
quoted a case where a crop of marrow-stem kale had obviated the
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purchase of other feeding stuffs to eke out the late $ummer grass.
Further, he had fouod that oo a farm oo which costing accouDts
were kept under the I)erbyshire Couoty Couocil schene it had
been possible to produce home-grown food at just half the price of
the equivalent in purchased cotrcentrates.
Mr Srewea.r considered that the system outlined in Mr Brown's
paper is too expensive, too complex, and is unnecessary. .With the
aid of marrow-stem kale, maogolds and lucerne, a skilled farmer can
make the most of his grass without recourse to a soiling system.
The mixed straw of the ripened fodder crops is very coarse and
hard, and its feeding value is therefore low. Mixed forage is
extremely dificult to make into hay even in a good season, aod the
fully ripened crops are far more dilficult to wio thao aoy pure
cereal crop. He considered that it is geaerally more profitable to
grow ao ordioary corn crop for sale in the market.
Mr Cenn had found that mixed fodder crops are of little use in
Cheshire, as they nearly always go down long before they reach the
green yield of zo tons per acre claimed by Mr Brown. He found
that for hay he can get better results with Italian rye-grass thao
with mixtures of peas and oats. He had not been very successful
io obtaioing the smother-€fect with the mixed crops. After grow-
iog them for four successive years on the same light laqd the \yeeds
were still stroagly in evidence. This same piece of land was put
down to grass along with aDother bit which had carried roots, and
the grass seeding did better on the latter.
Hc was able to conlirm Mr Brown's claim that the cereals in a
mired crop appear to be more vigorous than when grown alone.
He thought that on the average they may be 6 in. higher, but
uofortunately he hrd not been able to coopare any grain yields of
plants uoder the two cotrditions.
Mr EpsN said that on an East Anglian farm which was included
in the Ministry's scheme for the costitrg of sugar-beet he had
observed that where dung was used a cash loss had beea made
upon the crop. This fact appeared to have serious bearing upoa
the question of the economic manuring of the sugar-beet crop, and
he was anxious to know if a similar state of things is found on
matry other farms.
Mr HercHeu replyiug to Mr Porter said that he had encouatered
the practice of soaking sugar-beet seed in water before sowing,
both on the Cootioent and in this couotrrr. He could not say
definitely that it is always advaotageous, as in the event of very
dry conditions followiog upon the quick germination of the ryetted
seed there is likely to be a heavy mortality amoDg the young plants.
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Concernins the use of wheeled hoes in order to economise hand
lobour, h"'ko"." the Planet Junior type and had it in use on.the
Rothamsted farm, but he had not used it as yet on a sugar-beet
croo.
'An"ru"ring Mr Eden, he said that the loss on a crop follorving
the use of faimvard manure generally depends very much oo the
cost of makinq ih" ,"nur". -This is a very complicated question
in itself which- cannot be dealt with exiempore' Sugar'beet, like
manv other croDs. can be [rown quite well on land in good heart
with'out the ur. oi dunp, b-ut any system of arable farming without
organic maoure is not "ialculatei to produce good results over a
period of years.
Mr Bnowx io reply to his various critics said that the whole
reason for s.,ch a syit6m of cropping as he had- outlined is.that
ordinary four-course farming with its high proportion of.exPensively
q.own'c".eal crops does not pay under modern conditions' Corn
i"r", 
"f*, " thrle y"a.s' ley'oi two years of smother crop 
is far
more cheaply produied per bushel and can be grown at a Proht'
lfi*"J ..ir'iJ nearly always more productive than a pure ce-real
irop aod ,ecton"d as' starc( equivalent i it makes a very cheap food
for most classes of stock.
--' I, i" arru that mixed crops take long to dry in the field,.but
thev are verv resistant ro bad-conditions and can survive weather-
inp'which *ill *in orr" crops. Pea and oat hay if cut early aod at
its'best is certaioly d'ilficult to make, but it is valuable enough to be
worth some trouble.
He apreed with Mr Carr that io the wetter districts, aud where
foruqe ciop" tend to lodge early in their growth, Italian rye-grass
mav-oroduie exceotionally qood results.
---'.dn"*..ing M; Fisho'ic[, he said that in order to obtain forage
crops io Auqist and September wheo the grass is failiog, marrow-
tiuil t"t" cin be sown'early in the sprin[ and topdressed with
nitrosen. Io order to eosure for it au even better start the croP
can b'e 
"o,ro 
io a seed bed in autumn aod plauted out in the spriog'
In dealins with autumn-sowo kale coosiderable care is necessary in
iii" Jlfio" of tt 
" 
strains, as these may ditrer widely in their liability
to bolt and their winter hardiness.
With resard to the efect of smother crops in overcoming
" twitch," hE said io reply to Mr Porter that at HarPer- Adans
Collese almost oerfect smothering was obtained, but that it is trot
;;;;'" ; tood'iu othe, places ulnd io all seasons' He suggested
il". t"", pl"l,oushios followed by a quick seeding of a smother crop
i;; ;; ;r;, sois, i' go",t rnet(od 6f dealing with the. weed' 
. 
He
-"ioiuio"a 
",toogiy th"at, sowo on 
a clean field-, a succession of mixed
snother crops o,ili serve to keep the land cleau'
SUMMARY OF POINTS
Bv C. HEIGHAM, M.A., nro H. V. GARNER, M.A., B.Sc.
R otbaattat Etp rincnt a I I t at ioa
(t) Cropr for Slad -Fc?.jiry.-The present trend of Enslish farm-
ing- favours the developmeni of stoci husbandry of vari6us kinds,
aod the traditiooal crops of cereals for direct'sale are thcrefore
declining in ecooomic importance.
(z). In arranging systems of cropping for the feeding of live
stock. it. is importaot that the probiblc-yield of dry m'attcr per
acre be kept tD Ytew.
_ 
(3) Crops of swedes, mangolds, marrow-stem lale, various
lorms.of arable hay and mixed fodder crops of pulses and cereals
may all 
-yield considerably more dry oattei per acre thao do the
standard cereals.(4) Home-grown feeding stuffs can be produced at a orice oer
pound of. starch- equivalena which is weli below that paid ior
purchased materials.
.(5) By- the use of well-made arable hay, some roots and kale,
aod meal from the grain of heavy-yieldioq mixed croDs of oulses
and cereals, the farm bill for cooient.atei foods mai be o'.eatlv
reducedvithout a correspooding fall in output.(6) The by-products of the sugar-beit in the forms of toos
and extracted pulp give many tons p"er acre of valuable stock fo6d
which, if well used, may greatly increase the value of the crop
on the larm.(7) The a.ea under the older crops, such as mansolds and
swedes, tends to decrease as kale and ensilase crooJ sain inpopularity and as they are replaced with sugai-beet, ' whYch hasboth a cash aod a fallow value. Recentlv"it has been found
possible ro cooduct some types of dairy farming 
"ery successfullywithout heavy-ratioas of roots, but it ii oot yet'cleai how far thilpractice may develop, particularly ia those arable districts wherethe secondary or cleaning functiln of the root crop is of great
rmPortance.(8) Fodder crops afe geoerally less reliable in yield than are
cereals, aod complete failures are not uncommoo. 'Such failures
may be extremely serious, as the supply of food for the stock of
the farm depeods !pon- these crops. 
- 
Frudence suggests that an
ample acreage of the fodder c.opi be grown ia eii"h year as ao
ios_uraoce agaiast a bad season,'thougi' in a bouotifui one thii
policy may lead to what appears to be sdme waste of croo.l)) Manuriag ,f Fodi; Cr.rpr.-Swedes, turnips aid mixture
crops may be grown successfully without farmyaid manure and
with artificials, or with farmyard manure and with6ut artificials. in
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England it is geaerally not worth while to use both together with
these crops,
.(ro) M^angolds and kale require farmyard manure as u,ell asartificials if the best returns are to be obiainecl. In ,fru 
"t."n*ot adequate,supplies of farmyard manure some 
";..;;";;n-r;i,,have been obtained with town refuse and with composts"rodu fro*
waste straw, cavings and other orgaoic rubbish.(.t t) Plnryltntic Fertlrrrrr.- Swedes and turnips qenerallv resoondparticularly well to dressings of phosphates, uid If thu pio.pi"ii.
l1nf1"t .to common use superphosphate is geDerally the mostefiectlve tor these crops.
. 
(tz.) Basic slag has some advaDtage over superphosDhate ou
l_11"= 
*1:1" 
.., 
finger-and-toe, is known to be prevalent. 'ln usingDasrc stag !t rs well ro remember rhat the high soluble slaqsgenerally produce better results than the low soiuble o";;. 
";:.wheo tbe latter are yery 6nely ground.
_,- 
(t3) There is no experimenial evidence either at Rothamsted or
w oburn ro show rhat superphosphate makes the soil acid.
- ^(t4) Mineral phosphates finCly ground hare given good resuhsrn Scotland and rhe North of Englarrd where rhi seaso"ns are cold
and moist.(t).N;lrognoxt Fertiliterl 
- 
Adequate supplies of nitroqen
are.required by the succulent fodder crops, und'i'pplicutions oi?he
orornary Ntrogenous manure salts give more consistent results thando other fertilisers. In most seu.5ns uo application 
"f , .rvi.- r",acre ofsulphate of ammonia will give on iriir"as. 
"i i ,., p..'"ir"of swedes.
. 
(t6) Sulphate of ammonia with the seed aod top_dressinss of
nitrate of soda or nitrate of lime give satisfactory i'n..""r", iniif,the maogold and kale crops.
. 
(I7) There is very little experimental evidence to shqv the besttlme tor applyiDg rop-dressings to root crops, but practical exDerieDce
suggests that this may be direcrly after singling,'
. _(t9l Potari Fertilisert.- Applications o"f p&ash produce oarticu_larly good results with mangolds. Thirty perlenr. potash salti, kaioit
and muriare of 
_ 
fiorash have all been used with good effect, and it
rs uDcertarn which of them is the best, The two former contain
common salt, which is said to be very elfective oa ,oot .-f, io
some districts.(I9) Potassic fertilisers should be used in balance with nitrosen_
ous manures, With each hundredweight of sulphate of amm"onia
or nitrate of-soda given to the maDgolls 2 cwt.;f k"iri;;;;;;,
ot muriate ot porash should be applied. Without this balance theplant is likely to be unhealthv ,nd may lose ,.-" ;a ;;-i;;;
value.(to) Afiivatior Ef Fddr Cral;,-'With all the root crops the
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rrroductiotr of a seed bed which is at once fine, 6rm aod moist- is-of
iilr;; irp"""".". -et"" use of the roller both before and after
seedins is to be recommended.*";;i,'h;;; 
t. little qood evideoce of profitable increase-s of crop
"b,,lt;;l ,h;;'h ;;;.?li"g except io c'ases "he'e 
a dennite aod
impermeable "pan" has beeo broken uP. -'l-he.case:l 'n9 "'q1:belt crop deserves special coosideration, as both the yield aDd qu rry
;iii;;;" depend'to ao uousual degiee upon eaiy penetration of
the soil to a considerable dePth.
"'" rrrf'L*" .-i.oisture io'the top soil when preparing a.secd bed
i" o'common cause for failure of plaot in root croPs' lhls may De
avoided to some extent by ensuring that all the deePer worktng rs
done iu the autuma and winter.
---i"ir -d.u", importaoce is attached to the time of singliog root
".o 
.,'." 
s;;;;-b;;[ *J."rgoldt should be singled as soon as the
rlirt"r ,f""?t tt"* f*" g-d"I"o,"t. With swedls, siogliog should
il;i;"."';;; ; the deilopment of the " rough leaf " is sufficient
i"?ntrt" that the full ri6k of attack by rurniP-fly is Past'
( 2^\ The hoeins of roots should begin before ihe weeds aPP€ar'
*l"o ii."o be carr"ied through quickly aod,easily' It this is doDe
;;';;;; *iti"j r'o, the-coiperition of strong growing weed
^oecies 
in the weak aod early stages of the croP wlll dlsaPPear'
' (e s) The growing of roots on the ridge facilitates early, hoerng
aod is"said to make easier the desired comPacting ot the seeo Deo'.(z6l Earlv seeding has ofteu been Iound to be oDe ot tne marn
f".,lr"-'oi ro,i."r" wit'h swedes, turnips and mangolds' .Delays. at
;*"ln; ;ir":;; *ti"" ,t 
"v "ilo* "*ttu cultivations 
to be carried
ii.""?n'1"-rl,* Jiittiog, ,"! prevent the establishment of a -strong
;;'i;?;;;i;;t; 
"od 
.o-h"r"'"',"'v serious efect uPon the ultimate
yield of the croP.
Prioted in Great Britain
bv 'I he Riverside Prcs3 Limited
' Edinburqh
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